The Organization 
of Behavior 
A NEUROPSYCHOLOGICAL THEC 


The Organization 
of Behavior 


A NEUROPSYCHOLOGICAL THEORY 


D. O. HEBB 


McGill Uniwersity 


New York - JOHN WILEY & SONS, Inc. 
London - CHAPMAN & HALL, Limited 


Copyricnt, 1949 
BY 
jonus Wiery & Sons, Inc, 





All Rights Reserved 


This book or any part thereof musi nol 
be reproduced in any form without 
the wrillen pes mission of the publisher 


FIFTIL PRINTING, APRIL, 1959 


PRINTED IN THE UNITED STATES OF AMERICA 


To 
G. C. H., C. O. H. 
and 
A. M. H. 


Preface 


In this book I have tried to bring together a namber of differ- 
ent Imes of 1esearch, m a general theory of behavior that at- 
tempts to budge the gap between nemophysiology and psy- 
chology, as well as that between laboratory psychology and the 
problems of the clinic 

The book 1s written, consequently, with the hope that it will 
be intelligible to the clmican and the physiologist as well as to 
psychologists. The development of psychological theory can be 
a cooperative aflair, and has often been so m the past. witness 
Helmholtz, Jackson, Pavlov, Fıeud, The clmician and the physi- 
ologist frequently have direct access to data of first mmpoitance 
for psychology, sometimes without 1ecognizing the fact. Though 
I have done my best, ıt may be chimeuical to hope that my discus- 
sion 1s extensive and clear enough to stand on its own feet, fo 
the nonpsychological reader. The reader who needs ıt will find 
moie of the details of psychological theory m Morgan (1943) 
on physiological psychology, Hilgard and Marquis (1940) on the 
theory of learnmg, Woodwoith (1938) on “experimental” (nor- 
mal human adult) psychology, and Moss (1942) or Maici and 
Schneula (1985) on animal psychology, Of these, Morgan 1s 
most chrectly 1elevant, and m several places I have assumed a 
knowledge of fact to the extent provided by his text. 

It is a pleasme to record my mdebtedness to the colleagues 
who have read and improved the contents of this book. I owe 
much to students in a semma: at Harvard University m the 
summer of 1947, and m another at McGill Umversity m the 
followmg winter Part or all of the manuscript was read by P1o- 
fessa Harlow W. Ades, Professor Frank A Beach, Dr J G. 
Beebe-Center, Professor R B. MacLeod, Dı Francis McNaugh- 
ton, Di G A Miller, Dr Karl Pubiam, Professor H. E. Rosvold, 
and Professor R W. Sperry, and ther help 1s gratefully acknowl- 
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edged, I am much indebted to Professor Edwin G Boring, 
Professor George Clark, Professor K. S Lashley, and Dr J © R 
Lacklıder for thew pamstakng and detailed criticism of a large 
part of the manuscript, mpovmg both matter and style My 
greatest debt, perhaps, 1s to the weekly colloquium and the per- 
sistent theoretical debate at the Yerkes Laboratories of Primate 
Biology between 1942 and 1947, and to a small group taking 
pat therem who have also read the entwe manuscript and have 
contbuted greatly to it-Professon Hemy W, Nissen, Mi and 
Mrs, Robt Blum, and Dr Austin Riesen This boad of cartes 
should also include my wife; and to st, for the positive contribu- 
tions made as well as for some of the changes and deletions 
forced on me, both the reader and I owe much 

Finally I should like to express my giatitude to those who have 
helped with clerical work in the preparation of this book, m its 
various stages, particularly, Alice Sellers, Therese Mahoney, and 
Margaret Halhday, The McGill Unversity Research Fund sup- 
ported some of the experimental work that 1s briefly 1eported 
here, and also made 1t possible to secure additional clerical as. 
sistance, 
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Introduction 


It might be argued that the task of the psychologist, the task 
of understandmg behavior and 1educmg the vaganes of human 
thought to a mechanical process of cause and effect, 1s a more 
difficult one than that of any other scientist. Certamly the 
problem 1s enormously complex; and though it could also be 
argued that the progress made by psychology m the century fol- 
lowmg the death of James Mull, with his crude theory of asso- 
ciation, 1s an achievement scarcely less than that of the physical 
sciences in the same period, it is nevertheless tue that psycho- 
logical theory is still m its mfancy. There 1s a long way to go 
before we can speak of understanding the prmciples of behavior 
to the degree that we understand the pimerples of chemical 
reaction 

In an undertakmg of such difficulty, the psychologist pre- 
sumably must seek help wherever he can find it. There have 
been an mcreasmg number of attempts to develop new mathe- 
matical methods of analysis. With these, n general, I do not 
attempt to deal The method of factor analysis developed by 
Spearman (1927) and greatly elaboated by Thurstone (1935) is 
well established as a powerful tool for handling ceitam kinds of 
data, though the range of its use has been hmuted by depend- 
ence on tests that can be convemently given to large gioups of 
subjects, Another method 1s the application of mathematics 
more directly to the mteraction of populations of neurons, by 
Rashevsky, Pitts, Householder, Landahl, McCulloch, and others.* 
Bishop (1946) has discussed the work from the pomt of view of 
neurophysiology, and his remarks are fully concurred with here. 
The prelammary studies made with this method so far have been 
obliged to simplify the psychological problem almost out of 


* Two papers by Culbertson (Bull Math Biophys, 1948, 10, 31-40 and 
97~102), and Bishop’s review article, ist some of the more important of 
the actual titles m this feld. 
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existence. This is not a criticism, smce the attempt is to develop 
methods that can later be extended to deal with more complex 
data; but as matters stand at present one must wait for further 
results before bemg sure that the attempt will succeed. Un- 
doubtedly there 1s great potential value in such work, and if 
the right set of imuitial assumptions can be found it will pie- 
sumably become, like factor analysis, a powerful ally of other 
methods of study. 

However, psychology has an intumate relation with the other 
biological sciences, and may also look for help there There is 
a considerable overlap between the problems of psychology and 
those of neurophysiology, hence the possibility (01 necessity) of 
reciprocal assistance. The first object of this book 1s to present 
a theory of behavior for the consideration of psychologists, but 
another is to seek a common ground with the anatomist, physi 
ologist, and neurologist, to show them how psychological theory 
relates to then problems aud at the same time to make ıt more 
possible fo. them to contribute to that theory 

Psychology 1s no more static than any other science Physi- 
ologists and climicians who wish to get a theoretical orientation 
cannot depend only on the writings of Pavlov o1 Fieud. These 
were gieat men, and they have contributed greatly to psycho- 
logical thought But ther contribution was 1athe: m formulat- 
ing and developmg problems than im providing final answers. 
Pavlov himself seems to have thought of his theory of condi- 
toned reflexes as something m contmual need ot revision, and 
experimental results have continued to make revisions necessary. 
the theory, that is, 1s still developmg Agam, 1f one wee to 1e- 
gard Freud’s theory as needing change only im its details, the 
main value of his work would be stult:fied. Theorizing at this 
stage 1s like skatmg on thm 1ce—keep moving, or drown, Ego, 
Id, and Superego are conceptions that help one to see and state 
important facts of behavior, but they are also dangerously easy 
to treat as ghostly realities as anthropomorphic agents that want 
this or disapprove of that, overcoming one another by force or 
gule, and punishing or being punished Freud has lelt us the 
task of developmg these provisional formulations of his to the 
point where such a danger no longer exists When theory þe- 
comes static it ıs apt to become dogma, and psychological 
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theory has the further danger, as long as so many of its prob- 
lems are unresolved, of mvitmg a 1elapse mto the vıtalısm and 
indeterminism of traditional thought. 

It 1s only too easy, no matter what formal theory of behavior 
one espouses, to entertain a concealed mysticism m one’s think- 
ig about that large segment of behavior which theory does not 
handle adequately To deal with behavioi at present, one must 
oversimplify. The 1isk, on the one hand, is of forgettmg that 
one has oversimplified the problem, one may fo1get or even deny 
those mconvenient facts that one’s theory does not subsume. 
On the other hand is the risk of accepting the weak-kneed dis- 
couragement of the vitalist, of being content to show that exist- 
ing theoiies are imperfect without seeking to mpiove them 
We can take for granted that any theory of behavior at present 
must be madequate and mcomplete But ıt ıs never enough to 
say, because we have not yet found out how to 1educe behavior 
to the control of the bram, that no one m the future will be able 
to do so. 

Modern psychology takes completely for granted that behavior 
and neural function are perfectly correlated, that one ıs com- 
pletely caused by the othe: There 1s no separate soul or life- 
force to stick a finger into the biam now and then and make 
neural cells do what they would not otherwise Actually, of 
course, this ıs a workmg assumption only—as long as theie ae 
unexplained aspects of behavio. It is quite conceivable that 
some day the assumption will have to be 1ejected But it ıs 
mportant also to see that we have not 1eached that day yet 
the woikmg assumption ıs a necessary one, and there is no 1eal 
evidence opposed to it Our failure to solve a problem so tar 
does not make ıt soluble One cannot logically be a deter- 
minist in physics and chemistiy and biology, and a mystic m 
psychology. 

All one can know about another’s feelings and awarenesses is 
an inference from what he does—fiom his muscular contractions 
and glandular secretions. These observable events are deter- 
mined by electiical and chemical events ın nerve cells If one 
1s to be consistent, there 1s no room here for a mysterious agent 
that 1s defined as not physical and yet has physical effects 
(especially since many of the entities of physics are known only 
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through their effects). “Mind” can only be regarded, for scien- 
tific purposes, as the activity of the bram, and this should be 
mystery enough fo. anyone: besides the appallmg number of 
cells (some nine billion, accordmg to Herrick) and even mone 
appalling number of possible connections between them, the 
matter out of which cells are made is being 1tself 1educed by 
the physicist to something quite unlike the mert stick or stone 
with which mind 1s tad:tionally contrasted After all, ıt ıs that 
contast that 1s at the bottom of the vitalisi’s objection to a 
mechamstic biology, and the contrast has lost its force (Herzick, 
1929) The mystic might well concentrate on the election and 
let behavior alone. A philosophical parallelism or idealism, 
whatever one may thmk of such conceptions on other grounds, 
is quite consistent with the scientific method, but mteractionism 
seems not to be 

Psychologist and neurophysiologist thus chart the same bay— 
workmg perhaps from opposite shores, sometimes overlapping 
and duplicating one another, but usmg some of the same fixed 
pots and continually with the opportunity of contributmg to 
each other's results. The problem of unde:standing behavior 1s 
the problem of understanding the total action of the nervous 
system, and vice versa Thuis has not always been a welcome 
proposition, eithe: to psychologist or to physiologist 

A vigorous movement has appeared both in psychology and 
psychiatry to be nd of “physiologizmg,” that is, to stop using 
physiological hypotheses. This point of view has been clearly 
and effectively put by Skmnei (1988), and it does not by any 
means represent a relapse mto vitalism The argument is 1e- 
lated to modern positivism, emphasizes a method of coirelating 
observable stimuli with observable response, and, recognizing 
that “explanation” 1s ultimately a statement of relationships be- 
tween observed phenomena, proposes to go to the heart of the 
matter and have psychology confine itself to such statements 
now This pomt of view has been criticized by Pratt (1989) 
and Kohle: (1940). The present book is written in profound dis- 
agreement with such a program for psychology. Disagieement 
is on the grounds that this arises from a misconception of the 
scientific method as 1t operates in the earlier Stages. Those ap- 
parently naive features of older scientific thought may have had 
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more to do with hitting on fertile assumptions and hypotheses 
than seems necessary in retrospect The anti-physiological po- 
sition, thus, m wgimg that psychology proceed now as it may be 
able to proceed when it is more highly developed, seems to be 
in short a counsel of peifection, disregaidig the limitations of 
the human mtellect However, it 1s logically defensible and 
may yet show by its fertility of results that it 1s mdeed the 
proper approach to achieving prediction and control of behavior. 

If some psychologists jib at the physiologist for a bedfellow, 
many physiologists agree with them heaitily One must sympa- 
thize with those who want nothmg of the psychologist’s haw- 
splitting or the mdefiniteness of psychological theory There 1s 
much more certamty in the study of the electrical activity of a 
well-defined tract m the bram The only question 1s whether 
a physiology of the human bram as a whole can be achieved 
by such studies alone One can discover the piopeities of its 
varous parts more 01 less m isolation; but it 1s a tiuism by now 
that the part may have properties that are not evident m 1sola- 
tion, and these are to be discovered only by study of the whole 
mtact brain. The method then calls for leainmg as much as 
one can about what the paits of the bram do (prumarily the 
physiologist’s field), and relating behavion as far as possible to 
this knowledge (piimarily fo. the psychologist), then scemg 
what further mfoimation ıs to be had about how the total bram 
works, from the discrepancy between (1) actual behavior and 
(2) the behavior that would be predicted from addmg up what 
is known about the action of the varous parts. 

This does not make the psychologist a physiologist, for pre- 
cisely the same reason that the physiologist need not become a 
cytologist or biochemist, though he 1s mtimately conce:ned with 
the information that cytology and biochemistry provide The 
difficulties of findmg order m behavioi aie gieat enough to 1¢- 
quire all one’s attention, and the psychologist is mterested in 
physiology to the extent that 1t contiibutes to his own task 

The great argument of the positivists who object to “physiolo- 
gizing” is that physiology has not helped psychological theory. 
But, even if this ıs true (there 1s some basıs for denying 1t), one 
has to add the woids so far. There has been a great access of 
knowledge m neurophysiology since the twenties, The work of 
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Berger, Dusser de Barenne, and Loiente de Nó (as examples) 
has a profound effect on the physiological conceptions utilized 
by psychology, and psychology has not yet assimilated these re- 
sults fully. 

The central problem with which we must find a way to deal 
can be put in two different ways Psychologically, it 1s the 
problem of thought: some sort of process that 1s not fully con- 
trolled by envnonmental stimulation and yet cooperates closely 
with that stmulation From another pomt of view, physto- 
logically, the problem 1s that of the transmission of excitation 
from sensory to motor cortex This statement may not be as 
much oversimplified as 1t seems, especially when one recognizes 
that the “transmisston” may be a very complex process indeed, 
with a considerable time lag between sensoty stimulation and 
the final motor response The failure of psychology to handle 
thought adequately (a the fame of neurophysiology to tell us 
how to conceive of cortical transmission) has been the essential 
weakness of modein psychological theory and the reason for 
persistent difficulties i dealmg with a wide 1ange of experi 
mental and clmical data, as the followmg chapters will try to 
show, from the data of perception and leainmg to those of 
hunger, sleep, and neuzosis 

In mammals even as low as the rat ıt has tuned out to be 
impossible to describe behavior as an mtezaction directly be- 
tween sensory and motor processes Somethmg hke thinking, 
that ıs, intervenes “Thought” undoubtedly has the connotation 
of a human degree of complexity in cerebral function and may 
mean too much to be applied to lowe: animals But even ın 
the rat there is evidence that behavior 1s not completely con- 
trolled by ummediate sensory events there are central processes 
operating also 

What 1s the nature of such relatively autonomous activities in 
the cerebium? Not even a tentative answer 1s available We 
know a good deal about the afferent pathways to the cortex, 
about the efferent pathways from it, and about many structures 
linking the two But the lmks are complex, and we know prac- 
tically nothing about what goes on betwecn the arrival of an 
excitation at a sensory projection area and its later departure 
from the motor aiea of the cortex. Psychology has had to find, 
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in hypothesis, a way of bridging this gap m its physiological 
foundation. In general the bridge can be described as some 
comparatively simple formula of cortical ttansmission* The 
particular formula chosen mainly determines the natwe of the 
psychological theory that results, and the need of choosing 1s 
the major source of theoretical schism 

Two kinds of formula have been used, leading at two extiemes 
to (1) switchboard theory, and senso11-moto. connections; and 
(2) field theny (Ethe: of these terms may be regarded as 
opprobrium, they are not so used here.) (1) In the first type 
of theory, at one extreme, cells m the sensory system acquire 
connections with cells m the motor system, the function of the 
cortex is that of a telephone exchange Connections 11igidly de- 
termme what animal or human bemg does, and their acquisition 
constitutes learnmg Curent forms of the theory tend to be 
vaguer than formerly, because of effective criticism of the theory 
m its earlier and simple: forms, but the fundamental idea ıs stall 
mamtamed (2) Theory at the opposite extreme demies that 
learning depends on connections at all, and attempts to utilize 
mstead the field conception that physics has found so useful 
The coitex 1s 1egarded as made up of so many cells that it can 
be treated as a statistically homogeneous medium The sensory 
control of moto: centers depends, accoidmgly, on the distribu- 
tion of the sensory excitation and on iatios of excitation, not on 
locus or the action of any specific cells 

Despite then differences, howeve1, both theoretical approaches 
seem to imply a prompt transmission of sensory excitation to the 
motor side, if only by failing to specify that this is not so No 
one, at any 1ate, has made any serious attempt to elaborate 
ideas of a central ncuial mechanism to account for the delay, 
between stimulation and iesponse, that seems so characteristic 
of thought Thcie have indeed been newal theoues of “motor” 
thought, but they amount essentially to a continual mteiplay of 
propiioception and mmuimal musculai action, and do not provide 
for any piolonged sequence of mtiaceiebial events as such 

But the 1ecalertant data of anımal behavior have been draw- 


* The sumplicity possibly accounts for the opmmon expressed by an anato- 
must who claimed that psychologists think of the bram as having all the 
finer shuctme of a bowHul of pondge 
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ig attention more and more msistently to the need of some 
better account of central processes This is what Morgan (1943) 
has recogmzed i saymg that “mental” vanables, repeatedly 
thrown out because there was no place for them m a stimulus- 
response psychology, repeatedly find ther way back in agam m 
one form or another. The nnage has been a forbidden notion 
for twenty years, particularly m animal psychology, but the 
fiend was hardly exorcised befoe “expectancy” had appeaied 
mstead What is the neural basis of expectancy, o1 of attention, 
or interest? Older theory could use these words fieely, for it 
made no serious attempt to avoid an iteractiomst philosophy. 
In modern psychology such terms are an embarrassment; they 
cannot be escaped if one 1s to give a full account of behavior, 
but they still have the smell of animism. and must have, untl 
a theory of thought 1s developed to show how “expectancy” or 
the like can be a physiologically mtelligible process. 

In the chapters that follow this mtroduction I have ted to 
lay a foundation for such a theory It 1s, on the one hand and 
from the physiologist’s pomt of view, quite speculative On the 
other hand, it achieves some synthesis of psychological knowl- 
edge, and it attempts to hold as Stuuctly as possible to the psy- 
chological evidence m those long stretches where the guidance 
of anatomy and physiology 1s lackmg’ The desideratum ıs a 
conceptual tool for dealmg with expectancy, attention, and so 
on, and with a temporally organized intracerebral process But 
this would have little value 1f 1t did not also compiise the mam 
facts of perception, and of learnmg To achieve something of 
the kind, the limitations of a schema are accepted with the pur- 
pose of developing certain conceptions of neural action This 
is attempted in Chapters 4 and 5, Chapters 1 to 3 try to clear 
the ground for this undertaking. From Chapter 6 onward the 
Conceptions derived from schematizmg are applied to the prob- 
lems of learning, volition, emotion, hunger, and so on (In gen- 
eral, the reader may regard Chapters 1 to 5 as mamly prepara- 
tory, unless he is particularly mterested m the neurological de- 
tails, or ın the treatment of perception; to get the gist of the 
theory that 1s presented here one should read the two following 


paragraphs, and turn directly to Chapter 6) In outlme, the 
conceptual structure 1s as follows 
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Any frequently repeated, particular stimulation will lead to 
the slow development of a “cell-assembly,” a diffuse structure 
comprising cells in the cortex and diencephalon (and also, pei- 
haps, in the basal gangha of the cerebium), capable of acting 
buefly as a closed system, delivering facilitation to othe: such 
systems and usually having a specific moton facilitation A seres 
of such events constitutes a “phase sequence”—the thought 
process Each assembly action may be aroused by a preceding 
assembly, by a sensory event, o1—normally-—-by both The cen- 
tral facilitation from one of these activities on the next 1s the 
prototype of “attention” The theory proposes that m this cen- 
tral facilitation, and its varred 1elauionship to sensory processes, 
lies the answer to an issue that 1s made mescapable by Hum- 
phiey’s (1940) penetiatmg 1eview of the problem of the direc- 
tion of thought 

The kmd of cortical organization discussed m the pirecedmg 
paragraph is what 1s regarded as essential to adult waking be- 
havior It 1s proposed also that there is an alteinate, “mtumsic” 
organization, occurring m sleep and m imfancy, which consists 
of hypersynchiony in the fiumg of cortical cells But besides 
these two forms of cartical orgamzation there may be disorganr 
zation, It1s assumed that the assembly depends completely on 
a very delicate tmmg which might be distuubed by metabolic 
changes as well as by sensory events that do not accord with the 
pie-existent cential process When this 1s transient, it is called 
emotional disturbance, when chionic, nemosis or psychosis 

The theory 1s evidently a form of connectionism, one of the 
switchboard vaiiety, though it does not deal in duect eonnec- 
tions between afferent and efferent pathways not an “S-R” psy- 
chology, 1t R means a muscular 1esponse The connections serve 
1ather to establish autonomous cential activities, which then 
ae the basis of fmther learnmg In accordance with modern 
physiological ideas, the theory also utilizes local field processes 
and giadients, followmg the lead particularly of Marshall and 
Talbot (1942) It docs not, further, make any single nerve cell 
o1 pathway essential to any habit o1 perception Moden physi- 
ology has presented psychology with new opportunities for the 
synthesis of dıvergent theones and previously umelated data, 


and it 1s my intent to take such advantage of these opportuni- 
ties as I can 
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This book presents a theory of behavior that 1s based as far 
as possible on the physiology of the nervous system, and makes 
a sedulous attempt to find some community of newological and 
psychological conceptions. 

The purpose of this fist chapter is to define the major diffi- 
culties m the way of such an undertaking and to show how 
these difficulties determme the line it must take The great 
need, as I have tured to make clear in the Intioduction, 1s for a 
physiological theory of thought (01 some equivalent te1m that 
can be applied to animals as well as to man). 

Let us look first at the specific problem fom which the present 
speculations began, to see why the discussion 1s o1tented as ıt is 

The problem lay in certam puzzimg effects of opeiation on 
the human bram The effect of a clearcut icmoval of cortex 
outside the speech area 1s often astonishingly small, at times no 
effect whatever can be found (Hebb, 1942a, 1945b) It is pos- 
sible that there ıs always a loss of intelligence in aphasia, when 
the “speech area” 1s seriously damaged, but this does not, of 
course, explam why damage elsewhere should have no effect 
It would be unreasonable to suppose that most ot the cortex has 
nothmg to do with mtellgence, and there are in fact defimte 
indications that this is not true. Intelligence must be aflected 
by any large biam injury—~yet sometimes it seems not to be 

A final touch is added to the puzzle when we find that it 1s 
tests of the Binet type that least show the effect of myunics out- 
side the speech area The Bmet is the measme of intelligence 
that 1s most sensitive and accurate with normal subjects How 
can it be possible for a man to have an IQ of 160 m higher, 
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after a prefrontal lobe has been removed (Hebb, 1939), o1 for 
a woman (described by Rowe, 1937) to have an IQ of 115, a 
better score than two-thirds of the normal population could 
make, after losing the entue nght half of the cortex? 

Those two are pethaps the most striking cases, but high scores 
after biam operation have been reported by nearly everyone 
who has used standard tests as a method of study, and they 
have to be explained. Most mvestigators have piefeied to 
forget them, and to search only for intellectual defects. The 
defects certainly must exist, and it is umportant to find them, 
but it 1s just as important to learn why Binet-type tests, the most 
valid and sensitive indices of normal ability, should often show 
no effect of injury to the brain 

The only explanation that has been proposed, and perhaps the 
only feasible one, has to do with perceptual learning and with 
concepts as distinct from conditioned responses or motor learn- 
ing (Hebb, 19424) The explanation, roughly, ıs ths The level 
of intelligence-test performance 1s a function of the concepts a 
patient has alheady developed Once developed, a concept is 
retamed, despite bram damage that, 1f 1t had occured earlier, 
would have prevented the development. The patient with bram 
injury at maturity may contmue to thmk and solve pioblems 
normally (in familiar fields), although his intelligence would 
have been far from normal if a similar injury had happened at 
buth The explanation meets the clinical facts and, moreover, 
1s supported by the way m which some mtellectual capacılies are 
retamed in old age when others are disappearing 

But now we come to the crux of the matter As an explana- 
tion, this 1s only a good start What is a concept, physiologi- 
cally and à propos of the loss of neural cells? Though it has 
been tried before now, an explanation cannot be half neural 
anatomy and half consciousness They are different levels in a 
logical hierarchy. A problem recognized at one level can be 
solved by recourse to a more fundamental set of conceptions, 
but an hypothesis cannot well compuise two levels, take in two 
universes of discourse at the same time. We want to explam 
certain clinical facts, To 1eally do so, we must find an ana- 
tomical and physiological understanding of what is known psy- 
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chologically as a concept, and we must be able to deal with its 
relation to perception and to learnmg 

And with that, we land ight m the middle of the generalized 
problem of explammg mammalian behavior What 1s a con- 
cept, if 1t is not a conditioned 1esponse? What 1s peiceptual 
learnmg? And so on Before such questions can be answered, 
psychological theo1y must have a new base of operations As 
an illustration, a paiticula: problem has been cited, but the dff- 
culty 1s really geneual, as the followmg section will tty to show, 
and there is no phase of psychological theory in which the same 
central weakness does not appear. 

It has already been suggested that the essential need 1s to find 
out how to handle thought, and related processes, more ade- 
quately The difficulty i domg so goes back to fundamental 
assumptions If this discussion 1s to rest on solid ground, it 
must start with certam ideas with which every psychologist 1s 
concerned but which have been confused, vague, or 1ll defined 

This first chapter, accordingly, will dot some fs and cross 
some ?’s, so that we can get down to busmess m what follows 
There are two fundamental assumptions to be dealt with One 
of them must be rejected, one accepted The 1est of this chapter 
wil show how they determme a point of attack fo. the revision 
of theory 


REJECTING THE ASSUMPTION OF A COMPLETE 
SENSORY CONTROL 


The first to be discussed 1s what can be called the assumption 
of a sensory dommance of behavion. It ıs the idea that be- 
havior 1s a series of reactions (imstead of actions), each of which 
1s determmed by the mmmediately pieceding events ın the sen- 
sory systems The idea 1s not altogether consistent with 1ecog- 
nizing the existence of set, attitude, or attention, and an implicit 
mconsistency of this sort 1s at the root of the cunent confusion 
in psychological theory 

It may be noted m passmg that the assumption of a sensory 
dommance of behavior 1s not the property of any particular 
theory Theories differ as to how a sensory event has its effect, 
but not as to its all-impoitant 1ole Gestalt psychology avoids. 
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words like “stimulus” and “sensation” but as a system is not less 
preoccupied with stimulus configurations than othe: systems are 
with then stmuli (p. 23). 

Now for the source of confusion. 

In the simplest terms, “attention” refeis to a selectivity of 
response Man or animal is continuously responding to some 
events in the envionment, and not to others that could be re- 
sponded to (or “noticed”) just as well. When an experimental 
result makes ıt necessary to refer to “set” or “attention,” the 1ef- 
erence means, precisely, that the activity that controls the form, 
speed, stength, o1 duation of response 1s not the mmediately 
preceding excitation of receptor cells alone The fact that a 
response 1s not so controlled may be hard to explam, theo- 
retically; but 1t 1s not mystical, and “attention” 1s not necessarily 
anthropomorphic, or anmmstic, 0. undefinable. 

Now the tradition m psychology has long been a scarch for 
the property of the stumulus which by itself deteimines the 
ensuing response, at any given stage of learnmg This approach 
seems partly a consequence of psychology’s persistent fight 
against animism * and deseives respect for that 1eason, but it 
is no longer satisfactory as theory Almost without execption 
psychologists have 1ecognized the existence of the selective cen- 
tral factor that reinforces now one response, now another The 
problem 1s to carry out to its logical conclusion an incomplete 
lme of thought that starts out preoccupied with stimulus or 
stimulus configuration as the source and control of action, even- 
tually ius into the facts of attention and so on, and then simply 


* And partly, as we shall see, the product of antiquated physiological con- 
ceptions Fighting ammism meant that psychological phenomena had to be 
reduced to a pattein of cause and effect The only means at hand was a 
physiology of the nervous system m which a knowledge of sense or gans and 
penpheral nerve was the mam content As a result, at 1s still easy to feel 
that psychology becomes part of a larger demonology with any 1ctreat from 
the stimulus-response formula As for “tnsight,” “purpose,” “attention” — 
any one of these may still be an mvocation of the devil, to the occasional 
psychologist However, this atitude should not be too much made fun of 
Jt cannot be emphasized too strongly that there 1s contmual danger of slp- 
ping momentarily into ammustic thmlong, and consistent use of the §-R for- 
mula does at least avoid that danger effectively It behooves those of us 
who wish to use other terms to see that they are clearly defined 
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agrees that attention is an important fact, without recognizing 
that this 1g mconsistent with one’s eailier assumptions To com- 
plete this process, we must go back and make a change im the 
basis of the theory 

There aie three points here: one is that psychologists have 
geneially 1ecognized the existence of attention or the lıke, an- 
othe: that they have done so reluctantly and spaimgly, and 
have neve: 1ecognized the fact m setting up theouies ~The thud 
pomt 1s obvious enough, that we need to find some way of deal- 
ing with the tacts consistently Smce everyone knows that at- 
tention and set exist, we had better get the skeleton out of the 
closet and see what can be done with it 

The first two of these pomts have been pretty clearly estab- 
lished by Gibson (1941) Hus review needs some clauification 
m one respect, since he dechned to attempt any definition of 
“set” or any other of the long list of terms with a smilaı mean- 
ing that he gathered together, although he evidently recognized, 
in classifying them so, that they have somethng in common 
This common meanmg has alicady been defined When one 
consideis the problem in the lhght of the implicit assumption of 
a sensory dommance of behavior ıt becomes clea at once that 
the notions of set, attention, attitude, expectancy, hypothesis, n- 
tention, vectoi, need, perseveration, and preoccupation (Gibson, 
1941, pp. 781-782) have a common element, and one only 
That element is the recognition that responses are determmed 
by something else besides the smmedhately pieceding sensory 
stimulation It does not deny the importance of the immediate 
stimulus, it does deny that sensory stimulation 1s everything m 
behavior 

All such terms, then, are a reference to the “central process 
which seems 1elatively independent of afferent strmuli,” defined 
by Ehlgard and Marquis (1940), which I shall call here the 
autonomous cential process Gibsons 1eview shows in effect 
that the process 1s ubiquitous, that it crops up in every sort of 
psychological mvestigation—and that almost everyone has 1ecog- 
nized its existence, m one form oL another To Guibson’s hst 
can be added Pavlov’s (1928) and Hull’s (1943) stimulus trace~ 
a lasting cerebral state, set up it ıs tue by a specific stimulus 
but not transmitted and dissipated at once, Beach’s (1942) cen- 
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tral excitatory mechanism, Morgan's (1943) central motive state, 
and Klextman’s (1989) “imterest”—a factor m waketulness, All 
these thmgs have the same property of an activity that has a 
selective effect on behavior without bemg pait of the present 
afferent excitation 

Everyone has had such ideas about the control of behavior; 
and yet, as Gibson noted, “The meaning [of the term “set”] 15 
felt to be unsatısfactory, and the concept is employed reluctantly 
and only because the facts make ıt absolutely unavoidable.” 
The reluctance 1s paitly no doubt because of a feeling that the 
concept 1s animistic, m some obsceme way But why animism, 
if the facts of behavio. make it unavoidable? The trouble really 
seems to have been in finding how to make an essential idea 
intelligible, 

Hilgard and Marquis’ cental piocess, and Beach’s central 
excitatory mechanism, aie hypothetical entities, but they cer- 
tamly have no flavor of animism about them. “Attention” and 
“set” are now seen to fall ın the same class. ıt may well be that 
their connotations are misleading and that we shall have to look 
for new terms, but the idea itself is respectable, and such lan- 
guage need no longer risk staitmg a witchhunt 


THE NEUROLOGICAL PROBLEM OF ATTENTION 


There as a further hazard on the course. This 1s the appaient 
lack of a theoretical rationale for the autonomous central process. 
Actually, modern neurophysiology has already icmoved this 
difficulty. 

Here agam the situation can only be understood historically 
A main function of the neural cell 1s of course to transmit exci- 
tations, and earlier ideas of anatomy and physiology made the 
central nervous system appea, in prmerple, a collection of 
routes, some longer, some shoiter, leadmg without reversal from 
receptors to effectors—a mass of conductors that les mactive 
until a sense organ 1s excited, and then conducts the excitation 
promptly to some muscle o gland. We know now that this 1s 
not so, but the older idea still has a profound effect on psycho- 
logical thought—-demonstrated, for example, i the assumption 
of sensory dominance, discussed above 
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The lack of a rationale for nonsensory mfluences on behavior 
that seemed to exist m 1920 certainly exists no more Psycholo- 
gists have long had to recognize (smce the days of the Wurzburg 
school at least) the existence of a determmmg tendency, whether 
physiology made it comprehensible o not. Modein electro- 
physiology has more than caught up with psychology and now 
provides abundant evidence to suppoit the same idea When 
the detailed evidence of nemophysiology and histology 1s con- 
sidered, the conclusion becomes mevitable that the nonsensory 
factor m cerebral action must be more consistently present and 
of more dommatmg importance than reluctant psychological 
theory has eve: recognized. Instead of a joke: to occasionally 
confuse the student of behavior, nonsenso1y activities appear 
m every fall of the cards and must make up a lage share of 
the deck. Neurophysiologically, 1t may even become a pioblem 
to account for any consistent effect of a specific stimulus (pp. 
121, 126). 

( Electrophysiology of the central nervous system mdicates mn 
brief that the biam 1s contmuously active, in all its parts, and 
an afferent excitation must be superimposed on an alheady 
existent excitation It ıs therefore ımpossıble that the conse- 
quence of a sensory event should often be uninfluenced by the 
pre-existent activity. If we recognize in that activity the psy- 
chologically known factor of set and the like (as Denny-Biown, 
1982, suggested some time ago), the problem foi psychology 1s 
no longer to account for the existence of set but to find out how 
st acts and above all to leain how it has the property of a con- 
sistent, selective action mstead of producing the random-enor 
distribution postulated by Hull (1943) m his “oscillation pim- 
ciple” 

‘So there really 1s a 1ational basis for postulating a central 
neural factor that modifies the action of a strmulus. The theo- 
retical problem now 1s to discover the rules by which it oper- 
ates.‘ At first glance this 1s a problem foi the neurophysiologist 
only~ But look closer, much of the evidence, from which these 
rules must be worked out, 1s psychological, o1 behavioial The 
problem 1s after all the problem of attention, and seen best m 
the activity of the whole animal It is m the highest degiee 
unlikely that it can be solved either from the physiological evr- 
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dence alone or from the behavioral evidence alone What we 
need, evidently, 1s some synthesis of both kinds of datum. The 
psychological data have been reviewed briefly (for a fuller ac- 
count, see Hilgard and Marquis, 1940, Gibson, 1941, Morgan, 
1943—under such headings as attitude, expectancy, and set), 
Let us turn now, agam briefly, to the anatomical and physio- 
logical evidence that has made a drastic change m the theo- 
retical problems of behavior 

For our purposes, the physiological evidence can be treated 
under two heads, as bearmg on (1) the existence and properties 
of a continuous cerebral activity, and (2) the nature of synaptic 
transmission m the central nervous system 

l. The studies reviewed by Jasper (1937), begmnmg with 
Bergers work and its confirmation by Aduan, have shown with 
practical ceitamty that the central nervous system 1s continu- 
ously active, in all its parts, whether exposed to afferent strmula- 
tion or not. It appears that the EEG, or electroencephalogram, 
must be at least m part a summation of action potentials, an 
index of actual cellula: firmg, There are changes of cell poten- 
tial without active transmission of impulses (Gibbs, 1945), and ıt 
is quite possible that these ae the source of much of the EEC. 
However, there 1s a considerable body of evidence to show that 
neural tissue is persistently active; and presumably the EEG 
includes a record of that activity Tt is taken here as a working 
assumption that the EEG is correlated urth neural firing—that 
large potentials indicate a local synchrony of firing, even though 
other factors contribute to the size of the potential The psy- 
chological usefulness of this assumption will perhaps become 
evident in the followmg chapters 

The evidence conceinmg persistent activity consists first of a 
number of studies showmg directly that the neural cell fies 
spontaneously, 1¢, under no stimulation except that of the nu- 
tment fluids bathing it (Fessard, cited by Jasper, 1987, Prosser, 
1934, Lehmann, 1937a, 1937b, Bronk, 1989, Dubner and Ger ard, 
1989, Labet and Gerard, 1989). Secondly, a very impoitant 
paper for the theory of behavior, by Weiss (1941a), reports 
Spontaneous, almost mmcessant motor activity m a transplanted 
amphibian hmb mnervated from a pool without afferent fibers 
The activity of the limb was not noimally coodmated, which 
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agrees with the general idea that sensory activity 1s essential to 
the regulation of central neural firmg but not essential to mitiat- 
ingit. Fmally, the woik of Adrian and his collaborators: Adran 
and Matthews (1984) rejected the earlher opmion of Adrian 
(1931) and Adnan and Buytendyk (1931), and concluded defi- 
nitely that the EEG 1s the summation of smgle sharp potentials, 
the result of actual cellular fimmg They concluded fuithe: that 
the activity 1s not necessarily maintamed by sensory activity. 
Elsewhere Adrian (1934, p 1126) has stated his geneial con- 
clusions. “There are cell mechanisms m the braim which aire set 
so that a periodic discharge 1s bound to take place. The mo- 
ment at which it occurs can be greatly altered by afferent mm- 
fluences, but 1t cannot be postponed mdefinitely ” 

Several comments may be made on these conclusions. Spon- 
taneity of fiimg by cential newal cells 1s not philosophic mde- 
termmacy, as some wiiters have thought, the “spontaneity” 
means only that synaptic stimulation is not the sole cause of 
firmg As Adrian pomted out, also, the cell that is capable of 


n 


a « p scesses of metabolism will lead in the end to 
firmg, but obviously an afferent stimulation could always catch 
the cell in the period between the absolute refiactory state and 
the time of spontaneous dischaige With a frequent arrival of 
impulses at the synapse, therefore, the cell can never 1each the 
pomt of spontaneous action but must ieman under afferent 
control. 7 

A very mterestmg relationship exists between sensory actuvity, 
EEG, and coordmated, adaptive behavior (or “conscious state”). 
There ıs, ın the first place, Adiian and Matthews’ obse.vation 
that sensory processes, imstead of supportmg synchionous, 
thythmic firmg and large potentials in the EEG, have the op- 
posite cffect They mtroduce inegularity and flattening of the 
electrical record In the second place, large potentials, o1 
“hypersynchrony,” negate or may negate normal function (Jas- 
per, 1941) That 1s, sensory activity bieaks up hypeisynchi ony 
and makes for normal, coo1dmated, adaptive activity Batley 
and Bıshop (1933) and Adnan and Matthews have even pio- 
posed that anesthetics produce “unconsciousness” by suppiessmg 
senso1y activity rather than acting dnectly on the cerchium 


‘x m "a t+]* as also open to synaptic contiol It 1t 15 left ™ 
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itself, It does seem clear from the facts discussed, from the 
large potentials observed in sleep, and from the hypnotic effect 
of minmuzmg the normal variation of sensory activity, that the 
sensory input to the bram has a constantly necessary function, 
for adaptıve behavior. We shall retun to this pomt later 
(p 145) Fo the present, ıt has been advısable to pomt out 
that recogmzing the existence of spontaneous neural activity 1s 
neither indetermmacy no: a denial of the umpoitance of sensory 
processes in normal behavior 

+ 2{The nature of synaptic transmission in the central nervous 
syste 1s also of fundamental importance for the theory of be- 
havin. There are two radical modifications of ember ideas: 
transmission 1s not smmply linea but apparently always mvolves 
some closed or recunent circuits; and a smgle impulse cannot 
ordinarily cross a synapse-two or more must act simultane- 
ously, and two or more afferent fibers must therefore be active 
in order to excite a third to which they lead 

The concepts of newal action chiefly developed by Lorente 
de Nó (19382, 1938, 1939, 1948) ae well enough known by 
now to need no elaborate review, It 1s necessaiy, however, to 
point out that they have revolutionary implications fo. psycho- 
logical theory. 

In particular, the psychological criticism advanced by Koffka 
(1924), Lashley (1929b, 1980), and Kohler (1929), agamst the 
theory of neural connections as the basis of leanimg, apphes 
only to the older theory of linear, senso.i-moto1 connections, m 
which a single cell was supposed to be always capable of excit- 
mg a second cell with which it synapsed. The criticism ıs effec- 
tive agamst the idea that synaptic 1esistances are all that deter- 
mines the direction of transmission at the synapse A radical 
change m the whole problem, however, has been made by con- 
siderations of tmmg m transmission (Gasse1, 1937) and by the 

goat oo: BPG EES See de ae” ar ente de Nó, 1939). 


Da  Paatine GENES pe aah adie ag set of connections be- 


tween neurons m the system, the duection m which an entermg 
excitation wall be conducted may be completely dependent on 
the timing of other excitations Connections are necessary but 
may not be decisive in themselves, m a complex system, espe- 
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cially, time factors must always mfluence the direction of con- 
duction. The older ideas of nemal tiansmission gave synaptic 
connectidns too much mgidity, as a determmant of behavior 
The ngidity has now disappeared, the idea of connections can 
agam be useful in psychological theory, and the question of 
“synaptic resistances” 1s completely reopened, 

Let me now summaiize what has been said, m this and the 
preceding section, about attention, set, altitude, and so on. (1) 
All psychologists have 1ecognized some such facto. im _ be- 
havior. It undoubtedly exists. (2) Recognizing it 1s 1eally a 
demal that behavio1_is only a series of responses to environ- 
mental stimulation | One Important meaning of “attention” or 
the hke ıs the reference to a paitly autonomous, or nonsensoty, 
cerebral activity ‘the “autonomous cental process,” (3) The 
problem for psychology then ıs to find conceptions for dealing 
with such complexities of cential neural action conceptions 
that will be valid physiologically and at the same time “molar” 
enough to be useful im the analysis of behavior. (4) Psychology 
1s still profoundly influenced by the very “moleculai” conception 
of linear transmission though a sequence of single cells The 
conception 1s no longer valid physiologically, just as it has long 
been without psychological usefulness The attack on newial 
connections as an explanation of behavioi was really an attack 
on this particular conception of the way connections operato, 
modern neuioanatomy and electrophysiology have changed the 
question completely, and the significance of synaptic connec- 
tions must be exammed all over again 

Our problem, then, is to find valid “molar” conceptions of 
neural action (conceptions, i¢., that can be applied to laige- 
scale cortical organyzations) Bishop (1946, p 870) has made 
the pomt, m another context, that this is an essential problem 
fo. neurophysiology also But psychologists can haidly sit 
around with hands folded, waitmg for the physiologist to solve 
it In its essence the problem 1s psychological and 1equues a 
knowledge of the psychological as well as the physiological evı- 
dence for its solution 
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PERCEPTUAL GENERALIZATION AND THE ASSUMP. 
TION OF A STRUCTURAL MEMORY TRACE 


Now for a second fundamental assumption of psychological 
theory: this time, one that must, it seems, be accepted, but in 
accepting it we must also recogmze the difficulties it entazls 
and provide for them. These difficulties in fact determine the 
main features of the theory presented m this monograph 

The assumption we must accept is that the memory trace, the 
basis of leainmg, 1s m some way structural and static; and the 
difficulties in the way of making the assumption aie mamly m 
the facts of peiceptual generalization that have been emphasized 
by Gestalt psychologists (Koffka, 1985, Kohle1, 1929, 1940) and 
Lashley (1988b, 19422). The problem raised by these wnters 
1s ciucial and must be disposed of before we touch anythmg 
else. 

Lashley has concluded that a learned discrummation 1s not 
based on the exertation of any paiticula: neural cells It ıs sup- 
posed to be determined solely by the pattern, or shape, of the 
sensoly excitation, Kohlei, also stressing the apparent fact that 
the patteın and not the locus of stimulation 1s the important 
thmg, has developed a theory of electrıcal fields in the brain 
which contiol cerebial action Like Lashley, he explicitly de- 
nies that the same cells need be excited to arouse the same 
perception, 

This suggests that the mnemonic tace, the newal change 
that ıs mduced by experience and constitutes “memory,” 1s not 
a change of structure Othe: facts, at the same time, are an 
even stonge argument that ıt must be structural. A structural 
trace, as we shall see in a moment, must be assumed, but when 
we do so we have to find some way of fittmg in the facts of 
perception, 

If it is really unmmportant m what tissues a sensory excitation 
takes - place, one finds it hard to understand how 1epeated sen- 
sations can reinforce one another, with the lasting effect we call 
learning or memory. It might be supposed that the mnemonic 
trace 1s a lasting pattern of reverberatory activity without fixed 
locus, lıke some cloud formations o1 an eddy m a millpond But 
1f so it seems that the multitudmous traces mm the small confines 
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of the cerebral cortex would interfere wıth one another, produc- 
mg a much gieater distortion of early memories by later ones 
than actually occurs 

Moreover, violent cortical storms can occu (as m grand mal 
epilepsy or cerebial concussion) without a detectable elect on 
earlier memories That the trace should be purely “dynamic”— 
a pattein of activity not dependent on st:uctmal changes for its 
permanence—thus seems 1n the highest degiee unlikely No one 
has explicitly made such an assumption, yet how otherwise are 
the known properties of a learned discizmination to be accounted 
for, with its mevitable tendency to be generalized beyond what 
has already been experienced by the anmmal—its apparent inde- 
pendence of excitation im specific cells? 

In addition to the facts of peiceptual generalization, two 
other forms of evidence might make it difficult to postulate a 
stiuctuial trace as the basis of memory. One is fiom Lashley’s 
(19292) extnpation experiments, showing that the 1emoval of 
blocks of the 1at’s cerebral coitex does not affect habits selec- 
tively. If one habit 1s affected, others are also From this, 
Lashley has concluded that memory tiaces are not localized in 
the cerebral cortex, but himself has pointed out (Lashley, 1929) 
another possible mnte:pretation Hs evidence 1s consistent with 
the idea that the trace is stiuctuial but diffuse, mvolving, that 
is, a laige number of cells widely spaced ım the cortex, physıo- 
logically but not anatomically unified This ıs not, conse- 
quently, ciucial evidence for o1 agamst the notion of structmal 
taces m the cortex. 

The other evidence that seemed once to prevent postulating 
a stiuctural trace 1s found in the work of Wulf (cited by Kollka, 
1935) and late: mvestigatois who have inteipretcd then studies 
of human memouy for patterns to mean that the trace 1s spon- 
taneously active, and does not le doimant or meiely deteriorate 
with the passage of time. Hanawalt (1937), however, effec- 
tively cuiticized the earlier evidence foi this idea, and Hebb 
aud Food (1945), havmg obtamed data imconsistent with 
Wulfs hypothesis, 1e-cxammed the late: woik that managed to 
avoid Hanawalt’s cuiticism They have shown that therc 1s no 
evidence to even famtly suppoit the idea of slow, spontaneous 
changes in the tace This conception must be abandoned 
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Thus the only barrier to assummg that a structural change in 
specific neural cells is the basis of memory lies in the generaliza- 
tion of the perception of patterns. Man sees a square as a 
square, whatever its size, and in almost any settmg A rat 
iramed to look for food behind a honzontal rectangle will there- 






TH 


Ficure 1 Illustratng generalization in paception A rat is first trained 
with the two diagrams at the top, m the left half of the figme, until he 
always avoids the vertical bar and chooses the horizontal He 1s then tested 
with the next parr of diagiams, the hoizontally and ve.ucally ananged 
squares, and with the next pair, cncles side by side versus circles one above 
the other Transfer of response occurs, the 1at m each case prefeirmg the 
horizontal diagram, showing that perception of horizontal and veitical 1s 
generahzed beyond any particular pattern Similaily, after bammg with 
the large plam triangles, top right, the anımal is tested with smalle: triangles 
and with cncumseribed tnangles If the erect triangle, the one to the left, 
1s positive in traming, the rat will choose the left-hand diagram when pre- 
sented wath either of the two lower pairs, agam demonstrating perceptual 
generalization 


after choose almost any horizontal figure, such as an mterrupted 
Ime or a pair of circles side by side (figure 1). Tramed to 
choose a sohd upright triangle and to avoid an inverted triangle, 
he will discrimmate consistently between outlines of triangles, 
tangles with confusing figures added (such as cireumscribmg 
circles), and triangles of different size, which cannot thus excite 
the same retinal cells simultaneously (Lashley, 1938b). Rats 
reared m darkness, then trained in the same way, show the 
same perceptual generalizations (Hebb, 19372). 
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These are concrete, undisputed facts of behavior. They have 
been interpreted as meanmg that perception ıs mdependent of 
the locus of excitation, and this mterpretation has been tacrtly 
accepted as inescapable The result ıs an awkward dilemma for 
theory, smce, as we have seen, ıt ıs had to 1econcile an un- 
localized afferent process with a structural (and hence localized) 
mnemonic trace 

Lashley’s (1942a) hypothesis of mteiference patterns 1s the 
one explicit attempt to solve this difficulty and to deal ade- 
quately with both perception and learnmg. As such it deserves 
special mention here, although we shall see that m other 1¢- 
spects it faces great difficulties 

Other writers have had to choose one horn of the dilemma 
Kohler (1940), for example, staits out with the facts of per- 
ceptual generalization, m his theory of cerebral fields of foice, 
and then cannot deal with learnmg He has no apparent way 
of avoiding a fatal difficulty about the nature of the trace, ts 
locus and structure Thus 1s another aspect of the difficulty for 
Gestalt theory raised by Bormg (19383), who pomted out that 
at some pot the perceptual process must act on specific cells 
m order to determine a specific 1esponse 

The theory elaborated by Hull (1943), on the other hand, 1s 
to be regarded as piovidmg first of all for the stability of leain- 
ing It then has persistent difficulty with perception The pim- 
ciple of “afferent newal mteraction” appears to be a concession 
extorted by the facts of perceptual goneralization With this, 
there ıs some dange: that the entire system may lose its mean- 
ing The geat value of Hulls theory ıs m showmg how one 
may conceive of vauable behavior as deteazmimed by constant 
causal relationships between stimulus, mte1venig variables, and 
response This is brilliantly achieved, for an impoxtant segment 
of behavio. But then the postulate of afferent neural imterac- 
tion adds that anythmg may happen when two sensory events 
occur at the same trme—which of course they aie always domg 
Evidently no prediction 1s possible until the limits, and the de- 
terminants, of afferent neual mtcraction can be given im detail 
This it seems demands that the neurological 1efcience, already 
present m the theory, be made explicit, and detailed For our 
present purposes, at any rate, Hull must be regarded as not 
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yet having solved the problem of dealing with the perceptual 
process m a theory of learnmg, although it 1emams possible that 
hus program (Hull, 1945) will do so in the futue. 


THE MODE OF ATTACK 


How are we to provide for perceptual generalization and the 
stabilty of memory, m terms of what the nemon does and what 
happens at the synapse? We must suppose that the mnemonic 
trace 1s a structuial change, the difficulty, m supposing it, 1s a 
conflict with the idea that only the pattern, and not the locus 
of sensory stimulation, is impoitant in perception, so let us 
begin by asking whether that idea 1s, after all, secmely estab- 
lished. 

That paragraph puts the theoetical approach of thus mono- 
graph I propose to go over the evidence on peiception again 
and show that ıt ıs not what ıt seems We do not know that 
pattern 1s everythmg, locus nothing Nest, an alteinative set 
of ideas about percepton will be developed. According to 
these ideas, perception does depend on excitmg specific parts 
of the receptor suface, mnemonic tace and perceptual gener- 
alzation need no longer be at odds wıth one another, and a 
physiological meanmg of attention (or set, o expectancy) 
shows up 

Now let us see, in the followmg two chapters, what 1evisions 
can be made in current ideas about perception so that they can 
be extended mto a more genetal theory The reader will ob- 
serve that the discussion deals almost entuely with visual per- 
ception This 1s not because vision has any umique significance, 
but because 1t 1s m visual perception, with few exceptions, that 
the problem of patternmg and form has been studied experi- 
mentally It can be assumed that perception m other sense 
modes does not depend on fundamentally different principles. 


Pi Summation and Learning 


n Perception 


This chapter begms a 1evisıon of perceptual theory * The 
immediate objective 1s to show that “simple” perceptions are i 
fact complex that they aie additive, that they depend partly on 
motor activity, and that then apparent simplicity 1s only the end 
result of a long learnmg process 

The pieceding pages have tued to show that the crucial 
problem of perception must be dealt with explicitly at the very 
begmning of a psychological theory, and that one has the choice 
of two approaches to this pioblem. One must decide whether 
peiception is to depend (1) on the excitation of specific cells o1 
(2) on a pattern of excitation whose locus 1s unimportant Cur- 
1ent opimion seems tacitly to have accepted the Gestalt argu- 
ment (and Lashley’s argument) that the only tenable assump- 
tion 1s the second of these possibilities 

The theory to be presented here 1s diametrically opposed to 
this aspect of Gestalt theory, and 1s based on assumption 1, that 
a paiticula: perception depends on the excitation of particular 
cells at some pomt m the central nervous system Now the 
Gestalt argument depends, I believe, on anothe: assumption 
that when one perceives a simple figme (such as squae or 
circle) one perceives it directly as a distinctive whole, without 
need of any leainmg process and not though a piior 1ecogni- 


* Tlus and the followmyg chapter may be disregarded by the ieader who 
1s not particularly mterested in the theory of perception These two chap- 
ters are m a sense preventive The themy ol behavior presented later 
would appear impossible to the reader who 1s familar with the current Iit- 
eratme on perception if he had not been shown that the altemalve (and 
at first sight preferable) approach of “field theory” or “equipolentiality” has 
very serious difficulties mdeed—monre serious than has been recognized 
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tion of the several parts of the figure If one makes this assump- 
tion—if the perception of a square is as simple and immediate 
as it seems to us as adults—I believe that the Gestalt argu- 
ment 1s unanswerable. But if on the othe: hand the peiception 
1s additrve, a serial i1econstiuction (though very i1apid and 
“unconscious” for the normal adult), the theoretical pioblem 
would be very much changed. 

In this chapter, accordmgly, an attempt 1s made to show that 
quite smple diagrams are not perceived ducctly as distinctive 
wholes—that, though the stimulus has a unitary action in the 
figure-ground relationship, the perception of identity depends 
on a series of excitations from the paits of the stimulatmg dia- 
gram If this can be established, it will remove the necessity of 
accepting field theory, and the followmg chapter will then at- 
tempt to show that field theory actually is not consistent with 
some of the facts of perception 

The work of Senden (1932) and of Riesen (1947) 1s funda- 
mental to my argument here. Senden’s monogiaph ıs a compi- 
lation of all published reports on the vision of the congenitally 
bhnd given sight by a surgical operation after the patient was 
old enough to talk to the examme: and describe what he saw, 
In some respects the data are mcomplete, but the repoit 1s re- 
peatedly 1eferred to here because it contains the only existent 
evidence concerning the course taken by the early development 
of human perception. At first sight, some of the reported facts 
are ]iterally almost meredible, since they diffe: so much from 
what would be predicted by cunent theory (either of perception 
or of learning) There 1s, however, a considerable unanimity 
among the writers reviewed by Senden, some of whom evidently 
were not aware of the reports made by others, and the work of 
Riesen (1947), who reared chimpanzees in daikness to an age 
when the normal chimpanzee makes an effective use of vision, 
fully confirms Senden’s clinical evidence, 

The two reports, by Senden and Riesen, are complementary, 
and, though many details are not clear, the human and chim- 
panzee data taken together seem to require radical changes m 
the theory of perception and of leaning 


Primitive Unity 19 


DISTINCTION OF “PRIMITIVE UNITY” FROM OTHER 
PROPERTIES OF THE PERCEIVED FIGURE 


As a prelimmary, certam terms must be defined I want to 
show that simple figures do not always act as wholes, mnately. 
But ıt is undoubtedly tue that they sometimes do so m one re- 
spect—in the figme-giound telationshrp so this piopeity of a 
perceived figure ıs to be distmguished fiom otheis, m which 
summation and learnmg are mmpoitant Accordingly, the fol- 
lowmg are distinguished the conceptions of (1) a puimutive, 
sensorily determmed unity, (2) a nonsensory unity, affected by 
experience, and (3) the identity (also affected by experience), 
of a peiceived figure. 

The primitwwe unity of a figure 1s defined here as refeirmg to 
that unity and segregation from the backgiound which seems to 
be a direct product of the pattern of sensory excitation and the 
mherited characteiistics of the nervous system on which it acts 

Rubm (1921) elaborated the conception of the figme-ground 
relationship, m a study of visual peiception of patterns with 
clearly marked boundaries In order to elucidate the relation of 
figure to ground (the 1elation of the perceived object or surtace 
to other objects and sufaces which make up the background) 
he put particular stress on “ambiguous” figuies (figure 2) This 
1s the special case n which either of two parts of a diagram may 
be seen as figure, each alteinating as pait of the ground when 
the other ıs figure The principles he established, however, aie 
most fully operative m the unambiguous figme, made up of a 
homogeneous zone of color surrounded by another colo: and 
having a shaiply defined boundary—an abrupt tansition m 
brightness from one zone to the othe: at all pomts Such a 
figure may or may not be regula: It 1s as well ilustiated by 
a splash of ink or by a silhouette of an animal as by a white 
circle on a black stimulus caid. 

An area thus sensorily delimited ıs seen as one, unified and 
distinct from its suiroundmgs, by any noimal person, by the 
congenitally blmd on the fist occurence of vision followmg 
operation for cataract (Senden, 1932), by the normal rat 
(Lashley, 1938b), and apparently also at fist vision by the rat 
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that has been reared m darkness (Hebb, 19372). The unity 
and distinctiveness of such figures from therr background, then, 
1s mdependent of experience, or “primitive.” 

It 1s not possible to spectfy exactly the stimulating conditions 
which determine the primitive figure-giound organization. I do 


Ficurz 2 Ambiguous figure In this diagram it is possible to see either 
of two profiles, but only 1arely can the two be seen simultaneously, they 
alternate instead When a figure appears on the left, the profile of a rather 
chubby man, the white area on the left appears as a more solid sinface and 
one that is nearer to the observer This relationship 1s reversed when a 
figure appears on the nght—the profile of one suflerng from gigantic tumors 
of the neck and of the frontal bone The theoretical importance of such re- 
versals of figure-ground relationships has been stressed by Gestalé psycholo- 
gists, though there 1s considerable difficulty in subsummg the mslabılıty 
under perceptual theory 


not exclude as nonpimitive the perception of groupings, nor 
the segregation of a patch of color which has ill-defined bound- 
aries, There are suggestions m Senden’s (1932) monograph 
and in rat behavior that the perception of such units m the 
visual field may also be mdependent of experience. Senden’s 
monogiaph 1s of the first importance for undeistanding the per- 
ceptual process, but in several respects the evidence 1s far fom 
clear. The earher writers whose reports are summarized did 
not recognize some of the psychological pioblems to which thew 
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observations are relevant What Senden does show, m the fact 
that patients always responded to ceitam objects as wholes and 
could on occasion detect differences between objects even m 
spite of nystagmus, ıs that there 1s a primitive or innate figure- 
giound mechanism He does not make it possible to state its 
limiting conditions. 


THE “NONSENSORY” FIGURE 


The nonsensory figure-ground organization is defined as one 
m which the boundaries of the figure are not fixed by gradients 
of lummosıty ın the visual field It ıs affected by experience and 
other nonsensory factors, and is not mevitable in any peiception. 
In contiasting the primitive and the nonsensory figue, however, 
one need not umply that a perceived figme must be either of 
one o1 the other kind They are rather two extremes, and in 
most perceptions both sensory and nonsenso1y factors affect 
figuie-ground organization. 

The one of these extremes, m which exactly the same figural 
boundaries are recognized by anyone, has already been illus- 
tiated The other 1s quite common in ordinaty experience, 
although I have not found any discussion that makes its mean- 
ing explicit. It 1s mmplied, for example, by Gibson and Crooks 
(1938) in their discussion of the perceptual field of the automo- 
bile diiver, and the shrmkmg or expandmg of a peiceived zone 
ot safety from potential collision In general terms, the non- 
sensory figure occuis m peiception wheneve: the subject re- 
sponds selectively to a lımıted paıt of a homogeneous area m 
the visual field One may look at the “middle part” of a rope as 
distinct from the rest, m knot-tymg, or perceive the “forcground” 
of an unbroken landscape It ıs a commonplace that m human 
perception many entities exist, lıke the place in a continuous 
expanse of lawn where a flowerbed is to be put in, such that 
no sensory delimitation of figure fiom ground can even be sug- 
gested The “corner” of a room certamly does not always refer 
to a geometrical pomt, it 1s extended, and yet does not compiise 
all of the two (or three) rectangular smfaces which determme 
it. Its locus 1s sensorily fixed, but not its boundaries, and lan- 
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guage 1s full of terms with a similar implication for the theory 
of perception 

Even commoner in everyday perception is the perceived entity 
in which both sensory and nonsensory factors cooperate Here 
the figural boundary may follow one of a number of possible 
lummosity gradients mm the field, the paiticula: one that 1s effec- 
tive bemg usually determmed by experience m one form or 
another This 1s ulustrated by Leeper’s (1935) expe:ment, 
which demonstiated a lasting contol, by earher erpertence, of 
the particular perception that 1s made with Boring’s ambiguous 
figure, “My wife and my mother-in-law” (Bormg, 1930). An- 
other illustration ıs the process of slow learning to see a con- 
figuration m a particular way, as in the gradual decrease of the 
difficulty a novice has in followmg the boundaries of a thalamic 
nucleus that are obvious to the expert 

There 1s reason to beheve that the 1at, as well as man, finds 
some figure-ground relations obvious and mescapable, and de- 
tects others only after prolonged experience That ıs, the dis- 
tinction of pimitive and nonsensory figmes applies also to the 
rodent’s perception. Lashley (1938b, pp 156, 185) points out 
that success m disciummation and generalization evidently de- 
pends on the rat’s finding a differentiatmg characteristic between 
two figures, or one that 1s common to a pattein alicady known 
and the new one which ıs presented ın the testing situation It 
is equally clear that the distmctive pait of the test pattern is 
not obvious to the rat at once, this pat, whatever it ıs, ıs what 
determmes the response and becomes the true figue (as con- 
trasted with what the expermmenter meant to be the figure), the 
rest merging mto ground 

In general, Gestalt witters on the organization of the figme 
have been concerned to show that it cannot be 1educed to 
experience and leainmg, and have thus selected cases for dis- 
cussion in which sensory dynamics alone ıs enough to produce 
an effective figure-ground orgamızation They have, that ıs, 
concentrated attention on the primitive figure, and they give the 
impression that the spontaneity of its organization 1s a property 
of any figure Tiue, one can find many passages ın the htera- 
ture on Gestalten that refer to figures not sensorly dehmited, 
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but no stress on the fact that this implies some role of learnmg 
wo the delimitation 

Kohler (1929), fo. example, has written: “Smce ‘teal form’ 
presupposes a segregated whole, the existence of ‘form’ depends 
upon factors of stimulation simila to those upon which the 
segregation and oiganization of wholes depend Agam, definite 
relations m the total constellation of retinal stimul ae found to 
be decisive for the existence of 1eal form” (p 202, my italics 
draw attention to the stiess put on sensory factors) Agam, 
after referrmg to Gottschaldť’s expermenls, Kohler says, “After 
these results, whoever defends the automatic mfluence of past 
expelience upon our seeing definite forms, will have mcumbent 
upon him the task of suppoitmg his theory by other exper- 
ments If such an influence exists, t must be restricted to 
rather special cases” (p 208, italics mine) 

Attention 1s drawn to this aspect of Gestalt theo1y because ıt 
helps one to define the pomt at which one can diverge fiom the 
theory without farlmg to 1ecognize the great contribution 1t has 
made to modein psychology, which has been shaped to a gicat 
extent by the impact of Gestalt 1deas on behaviousm There 
are few psychologists who would not own a debt of this kind 
to Gestalttheorie, and few who do not also feel the need of 
qualıfyıng the theory ın some way, though ıt ıs not easy to see 
just how this 1s to be done without losıng the values that have 
been obtamed wıth ıts help. 

In the pages from which the passage above is taken, Professor 
Kohler, I believe, provides the necessary clue His aigument 
appears to depend on a complete antithesis of experrence and 
mnate sensory dynamics, and it 1s this antithesis that we may 
avoid The question that 1s asked by Kohler 1s whether sensory 
organization 1s wholly mnate, or wholly experiential.” If these 
are the only two alteinatives, the argument ıs unanswerable 
Kohler and Koffka and Lashley have unquestionably slain the 


*Jn the monograph of Kohler and Wallach (1944, pp 316, 323) there 
are also passages that seem not mtelligible unless one 1s thinking in terms 
of such an extreme dichotomy between completely organized sensory proc- 
esses (innately) and completely unoiganmized ones This docs not do jus- 
tice, either to current learning theory, or to the effectiveness of the earher 
Gestalt arguments m favor of an innate sensory organization 
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dragon of pure learnmg theory, m the field of perception, and 
no one today would argue that perceptual organization 1s wholly 
acquired, there 1s some innate organization. But this of course 
does not show that the organization 1s entuely mate There ıs 
always a possibility that perception has a partly innate, partly 
learned orgamzation; and that besides the figue that has a 
“primitive unity” there aie “nonsensory figuies” in which expe- 
rience has an important role. 

I propose, then, that Gestalt theory made an essential contri- 
bution when it showed that there ale mnate factors in percep- 
tion, but that it has tended to carry the a1gument too far in deny- 
ing that learnmg and experience have any important 1ole in the 
perception of simple configuiations (apait, of course, from leain- 
ing the meaning of the configurations) This, as we have seen, 
has led to emphasis on a dommant role of sensory dynamics; 
important as sensory processes are, however, they do not com- 
pletely dominate eithe: behavior or perception 

It ıs also important to see that the aigument against an effect 
of experience on perception often 1equires the assumption that 
any perceived figuie 1s peiceirved as a whole, in all respects 
Thus the upper diagram of figure 3 has been regarded as quite 
unfamiliar to the observer (Kohler, 1929). Subjects shown this 
diagram for the first time failed to find another which 1s con- 
cealed m it, and which they had been shown before The con- 
clusion was drawn that an unfamiliar configuration obscmed a 
familiar, smaller one—that sensory dynamics dommmates experr 
ence and the effects of leainmg. But the experimental diagram, 
actually, was unfamiliar only as a whole: its parts, two parallelo- 
grams and a set of parallel lnes forming a Z, were certainly not 
unfamiliar to the experimental subjects Consequently, the con- 
clusion 1s valid only if the total figure 1s an unanalyzable whole, 
which 1t surely 1s not 

In the lower diagram of figme 8, a “4” 1s concealed That it 
may not be recognized is evidence that sensory dynamics on 
occasion may override experience, in the delimitation of a figure. 
This is a vad pomt. But when one looks for it, the 4 can be 
seen, and this ıs not explamed by Gestalt theory. A “special 
vector” (Kohler, 1929) 1s operating, but this special vector seems 
to be the factor of attention and experience that is involved 
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in the nonsensory figure. Our problem ıs to find out how to 
modify Gestalt theory so that ıt can comprise this factor of at- 
tention and not have to deny the importance of leainmg m 
perception. 

Furthermore, Gestalt emphasis on the primitive figure, which 
has a marked stability, obscures the fact that m ordmary pea- 


Ficune 3 Diagrams from Kohler, Gestalt psychology, 1929 (figures 10 
and 12) Courtesy of Liveright Publishing Corporation and of the author 


ception any figme-giound relationship is a highly unstable one, 
with a practically constant fluctuation from one organization to 
another Even when one perceives the compact, clealy de- 
lmıted figue which ıs such that any observer at once sees 1t, 
one finds that the stability of the figure-ground relation ıs not 
great, o1, better, that its stability consists of a contmual recur- 
rence, mstead of a constancy, of the figme It is notorious that 
attention wanders, and this is another way of saying that in per- 
ception any figure 1s unstable, one looks at this part of the con- 
figuration and that, and notices 1ts cones o1 smooth contour, m 
the intervals between seeing the figue as a whole In ordinary 
perception, moreover, the mstability 1s far gieate: (Bormg, 1933, 
Pillsbury, 1913). 
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An adequate account of perception cannot be given m terms 
of a figure-ground organization that has any great duration m 
time, even when gaze 1s fixated at a single point in a configura- 
ton The fluctuations of attention which occu pomt dnectly to 
a fundamental ımpoirtance, ın any perception, of nonsensory 
factors. This of couse has already been demonstrated for com- 
plex indeterminate figures by Carmichael, Hogan, and Walte 
(1982) and by Zangwill (1987), I propose that the same factors 
must be taken into account m the perception of square or circle 
as well 


“IDENTITY” IN PERCEPTION 


Identity ıs defined heie as refertmg to the properties of asso- 
ciation inherent im a perception. The reference has two aspects 
first, a figure ıs perceived as having identity when ıt is seen m- 
mediately as similar to some figures and disstmilar to otheis— 
that 1s, when it falls at once mto certam categories and not mto 
others, This similarity can be summed up as spontaneous asso- 
cation, smce 1t may occur on the first exposure to the stimulus 
object Secondly, the object that 1s percerved as having ıden- 
tity 1s capable of bemg associated 1eadily with other objects o 
with some action, whereas the one that does not have identity 
is recalled with great difficulty or not at all, and 1s not 1ecog- 
mzed or named easily, Identity of course is a matter of degree 
and, as I shall try to show, depends on a considerable degree of 
experience, it 1s not mnately given 

Thorndike (1931, p 87) has presented an appioach to this 
conception, usmg the tem “identifiability,” and has pioposed 
that identifiability promotes the formation of associations If 
one carries the analysis a little futher, it appears that the propo- 
sition is cucular, Identifiability 1s not mei ely a perceptible df- 
ference of one figure from another when the two are side by 
side, but ımphes a rememberable difference—identifiability is 
clearly, in the mstances Thorndike gives, 1ecognizability, and 
recognition is one form of association. Thus Thoindike’s propo- 
sition 1s that associability affects the occurence of associations. 

The real pomt at which he 1s driving seems to be that there 
are genume differences of associability m different patterns. 
Also, more is volved im these differences than the number of 
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trials necessary to establish recognition; there are also the spon- 
taneous associations 1eferred to mn speaking of similarity, Rec- 
ognizability goes with selective similaiity, or generalization the 
figure that 1s readily remembered 1s also perceived as belonging 
to a particular class of figures, and remembered so 

An imegula: mass of colo. or a pattern of mtersecting lines 
drawn at random has some coherence and unity, but one such 
figuie 1s not 1eadily recognized and distmguished fiom others 
when it is seen a second time, and generalization (or sumiaizty) 
is not selective among a number of such stimuli There 1s not 
a total lack of distmctiveness and of generalization, howeve1 
Two of Thorndike’s figures which lack identity are not indistimn- 
guishable when seen together, and mistaking one figue for 
another can be called generalization Lashley and Wade (1946) 
distmguish between the “so-called generalization” which means 
only a failure to observe diflexences and the generalization 
which mvolves perception of both simuarities and difte:ences. 
The amorphous figure, lacking in identity, 1s generalized in the 
first sense only. 

A further illustration of these points is found in the develop- 
ment of identity m the perception of chimpanzee faces by one 
who has seen no chimpanzees before Two animals seen side 
by side are obviously different m details, but the inexperienced 
observer 1s not able easily to remember one selectively. Also, 
all chimpanzees at this stage look alike, the “so-called generali- 
zation” occurs. With experience the perception of identity m- 
creases Similarity is still perceived between animals, and con- 
fusion between some anunals is still possible, but there 1s a 
marked change in the perception, as shown m a much move 
selective sunilarity of one animal to others, and in the radical 
merease of the observer's capacity to associate even a new chim- 
panzee with a specific name. Thus identity 1s a matte: of de- 
gree readiness of recognition, and the extent to which gener- 
alization is selective 

This discussion has been meant to establish the conception 
of “identity” as an important piopeity of perception which 
should be kept carefully distmct fom the “unity” of the per- 
ceived figure (as well as from its “meanmg”), Unity may be 
mnately determmed, an immediate property of sensory dy- 
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namics, whereas identity 1s dependent on a prolonged experi. 
ence Because these two thmgs have not been separated m the 
past, t has appeared that perceptual orgamzation ıs mmmate, 
Some aspects of the organization are present, apparently, at the 
first experience, but others are not 


INDEPENDENCE OF UNITY AND IDENTITY IN 
SIMPLE FIGURES 


The examples of the pieceding section dealt with complex 
perceptions I wish next to 1eview the evidence that shows that 
unity and identity have separate detexmmants even m quite 
simple peiceptions. Seemg a circle as a single coherent object 
is not the same as seemg it as a distinctive object, selectively 
recognizable. 

Fust, the evidence for man. It has alieady been said that the 
figure-ground segregation ıs good at the mutial occurrence of 
human vision, as shown by Senden’s (1932) 1epoits, at the very 
time when perception of identity appeais to be puactically nil, 
Unity then can be perceived without identity Investigators (of 
vision following operation for congenital cataract) are unani- 
mous m repotng that the perception of a square, cncle, o 
triangle, or of sphere or cube, is very poor To see one of these 
as a whole object, with distinctive characteristics mmediately 
evident, 1s not possible for a long period. The most mielligent 
and best-motivated patient has to seek coineis painstakingly 
even to distmguish a triangle from a cucle The newly seemg 
patient can fiequently find a difference between two such figues 
shown together, just as the normal adult can 1eadily detect dif- 
ferences between two of Thoindike’s figmies lacking “identifia- 
bility,” but the differences are not ilemembered There is for 
weeks a practically zero capacity to learn names foi such figures, 
even when tactual recognition 1s prompt and complete 

Another facet of the same lack of capacity is the failure to 
generalize as normal persons do When the patient first gets to 
the pomt of bemg able to name a stmple object promptly, 16¢- 
ognition 1s completely destroyed 1t the object 1s slightly changed 
o put mto a new settmg, The patient who had Jeained to 
name a rmg showed no recognition of a shghtly difle:ent 1g, 
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having learned to name a square, made of white cardboard, 
could not name it when its colo. was changed to yellow by turn- 
ing the cardboard over, and so on. These reports consistently 
indicate that the perceived whole at first vision ıs simultane- 
ously umfied and amorphous There ıs not a smgle instance 
given ın which the congenitally blmd after operation had trouble 
in learnıng color names, but a gieat numbeı m which the per- 
ception of identity m a simple figure was poor indeed (Senden, 
1932, pp 135-141). 

A second evidence comes from species differences m the per- 
ception of identity For coherent patterns and simple gioupings 
the figuie-ground relationship appears to be the same fiom 1at 
to man, so the significant differences of perceptual generaliza- 
tion (one aspect of identity) argue strongly that figural unity 
and identity have separate bases (a) The discrimination of 
simple geometrical figures by man and chimpanzee 1s unaffected 
by 1eveisal of biightness relations between figure and ground 
(Gellerman, 1938), a white triangle on a black giound ıs gen- 
e1alized by these anthropoids to mclude a black tuangle on a 
white ground. For the iat, such a reveisal completely disrupts 
discximmation, and no amount of trammg with the white tr- 
angle alone wll produce “recognition” ot a black one There 1s 
some uncertainty about the phylogenetic level at which the 
capacity for this generalization appeais, see Lashley (1988b, 
p. 144), Smith (1986), and Neet (1933), but between the rat, 
and chimpanzee o1 man, the difference in this respect seems 
complete (although for simple figuies only, human perception 
of more complex figmes in 1eversed brightness 1s definitely de- 
fective, as in recognition of photographic negatives). (b) The 
perception of a triangle o1 square by the rat is not generalized, 
without specific taming, to include a similar rotated figuie 
(Fields, 1982) but 1s generalized so by chimpanzee and by two- 
year-old clildien, although a co1esponding head 1otation also 
occurs (Gellerman, 19383). (c) Peiception of a tangle is not 
geneialized either by 1at o1 chimpanzee to include a triangle 
made up of small cucles, but the generalization 1s made by two- 
yeai-old children (Gellerman, 1983, Lashley, 1938b). 

Thus the peiception of identity 1s different in different mam- 
mals, the perception of piimitive unity 1s piactically the same. 
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Further evidence of the independence of umity and identity is 
found m the peculiar “equivalences” or generalizations often ob- 
served in rat behavior, and m the anomalies to be found m the 
relative difficulty with which the rat learns to disc1uminate be- 
tween certam patterns Two discrimmations that are equally 
easy, from the human pomt of view, present very unequal diff- 
culty for the rat For normal man a squaie and a circle aie no 
less obviously distinct than e.ect and inverted triangles, yet the 
rat readily learns to discrmmate between the biangles and con- 
sistently has trouble with circle versus square (Lashley, 1938b, 
pp. 155, 156) Some animals that have learned other patterns 
(thus showing that then acuity is sufficient for the task) show 
no sign of discrimmating circle and square at all, A five-pomted 
star and an H are fo: man clearly, mevitably distinct, while the 
rat distinguishes them with difficulty and no faster learning 
occurs than with quite wregular figures (Lashley, 1938, p 157) 
Such facts mean a great difference of rat from man in percety- 
ing the identity of simple, regular figures. 

The same 1s evident im the patterns which may be “equivalent” 
for mdividual rats, and m some failures of equivalence One 
animal may transfer his response fiom an erect triangle (versus 
an inverted one) to a smgle houzontal line low on the stimulus 
card (versus another higher on the card), while another animal 
fails to discrmmate the complete triangles with which he was 
tramed, when a shght change is made of their positions on the 
respective stimulus cards It 1s very doubtful mm such cases that 
the rat has perceived the pattern as a distmctive whole, and it 
seems that a response 1s frequently determmed by only a pait 
of a figure as simple as a tuangle 

Lashley (1988b, p. 182) has 1ecogmzed this, but mterpi eted 
it by comparmg the rat to a ski-jumper who does not pay atten- 
tion in his jump to nonessentials such as the shape of a spec- 
tator's hat The general mte1pretation was made that there 15 
httle significant difference m the perception of simple figures 
by rat and man, but this conclusion is not supported by the 
evidence 

When identity is distinguished from unity, we find great spe- 
cies differences in the perception of identity and not in what is 
Seen as a primitive unity. The analogy between the rat’s per- 
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ceiving all the detail of a triangle m the jumpimg apparatus, and 
the ski-jumpe1’s perception of a hat, 1s valid—except that ıt sets 
the human subject a much more difficult task It 1s mconcerv- 
able that a ski-jamper would not perceive a laige triangle as 
such, fully structmed, if it lay close to and marked the pomt of 
sate landing m an otheiwise plain field, as ıt does for the 1at m 
the jumping appaiatus. The rat, however, may 1espond selec- 
tively to only the pait of the figure which hes nearest the point 
to which he jumps, although his field of vision 1s wide and 
although (as Lashley has demonstrated) he perceives much 
more than he has to m makmg a discrimination. 

These considerations are the more convinemg because the evi- 
dence of the rat's frequent faure to see the tangle as a dis- 
tmctıve whole figure comcides with Senden’s desciiption of the 
congenitally blind after acquirmg vision—the normally reaied 
rat, and a man seemg for the first tme, both have precisely the 
same kind of difficulty 

It 1s reasonable to conclude that the perception of identity 
(as defined) follows the same principles m 1at and man but 1s 
much more highly developed ın normal man Since there 1s no 
evidence of any clea: difference of the primitive figme-ground 
organization perceived by these two species, but strong sugges- 
tons that ıt ıs the same tor both, the evidence 1s consistent with 
the idea that identity and figmal unity have sepaiate physio- 
logical bases They are, that ıs, psychologically mdependent 
This makes it possible to suppose that addttive processes may 
occur m the development of identity without denymg that the 
figure has a piimuitive unity. 


LEARNING TO PERCEIVE SIMPLE FIGURES 


The facts already adduced m the last section have mdicated 
a role of leainmg m the perception of triangle or square as dis- 
tmctve wholes The idea that one has to leain to see a tuangle 
must sound extremely mprobable, and so I shall now present 
the evidence to this effect more systematically 

We have seen that the perceptions of the congenitally blind 
after operation are almost completely lackmg im identity. Sen- 
den (1932, pp 155-157) 1epoits cases m which thee was an 
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immediate perception of differences in two figmes seen togetha, 
but also one definite mstance in which even this was not pos- 
sible, Thus the patient sometimes saw differences between a 
sphere and cube, sometimes not (p 90). Color has been 
found to dommate form persistently ın the first vision of these 
patients Eleven months after operation the color names learned 
by a patient in hospital were retamed, but the little that had 
been learned of form was foigotten (p 185) An egg, potato, 
and cube of sugar were scen by a patient repeatedly, untl 
namimg was prompt, but then were not 1ecognized when put 
into colored light, the cube of sugar was well named when it 
was seen on the table or m the mvestigator’s hand but not rec- 
ogmzed when suspended by a thead with a change of back- 
ground (p 138) 

Such patients, when learning has proceeded far enough, mani- 
fest the characteristic generalizations of the normal person, so 
the mutial difficulties aie not to be put down to structmal de- 
fects of the sensory apparatus (Senden, pp 173-175) 

Riesen (1947) has fully confirmed the conclusion that ordi- 
nary visual perception m higher mammals presupposes a long 
learnmg period Hais observations concerning the almost com- 
plete visual mcapacity of chimpanzees 1ea1ed m darkness, and 
the slowness of learnmg, are of the greatest importance They 
show that Senden’s similai results with man are not due to some 
madequacy of the clinical tests, no. pecullarly human. 

The course of perceptual learmmg m man 1s giadual, proceed- 
ing from a dommance of color, through a period of separate 
attention to each part of a figure, to a gradually arved at 1den- 
tification of the whole as a whole. an apparently simultaneous 
mstead of a senal apprehension. A patient was tramed to dis- 
cummate square from triangle ove: a period of 18 days, and 
had learned so little m this tme “that he could not report thew 
form without counting corners one after another And yet ıt 
seems that the recognition process was begmnmg already to be 
automatic, so that some day the judgment ‘square’ would be 
given with simple vision, which would then easily lead to the 
belief that form was always simultaneously given” (Senden, 
1982, p 160). The shortest tme m which a patient appioxi- 
mated to normal perception, even when learnmg was confined 
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to a small number of objects, seems to have been about a 
month. 

It ıs possible then that the no1mal human infant goes though 
the same process, and that we are able to see a square as such 
ma single glance only as the 1esult of complex learnmg The 
notion seems unlikely, because of the utter simplicity of such a 
perception to the normal adult But no such argument can be 
valid, smce Lashley (1937) has shown that subjective simplicity 
and ummediacy may be very deceptive as an index of physio- 
logical sumphicity, Theie aie moreover residual traces of leain- 
ing m normal perception, and hmts of its complexity 

Gellexman (1933) reports that chimpanzees and two-yea1-old 
childien 1ecognized a tiangle that had been iotated though 
120° from the t.ammg position, but (im the one piotocol that 
1s given) responded selectively only after a head rotation, and 
persistent head 1otation continued m the late: disc1immations 
Older human subjects do not need to make the same receptor 
adjustment to 1ecognize the figure in two positions, and so this 
generalization may be a learned capacity, simple as it seems 
to us. 

Consider also the followmg evidence, which 1s suggestive 
though perhaps not conclusive When a simple figme such as 
square, circle, or triangle, subtendmg a retinal angle of fiom 
2° to 10°, 15 fixated at one point, it tends in a second o1 so to 
become almost amorphous except near the pomt of fixation The 
effect 1s not due to fatigue alone, no: to poor acuity outside the 
macular zone smce (1) a smgle stiaight lime does not suffer 
nearly as much, (2) shiftig fixation back and forth between 
two corneis of a tuiangle does not restore the claiity with which 
the thud ıs seen, and (3) an 8° circle diawn with a line 2 mm 
wide, and a 4° circle drawn with a lme 1 mm. wide, seem to 
give appioximately the same effect 

The factors mvolved are evidently complicated, it will be 
found, for example, that with a large figue merely ymagining eye- 
movements (of following the contouis) will restore definition of 
the figure Also, these “imagmaiy” eyemovements, o1 sublimmal 
activations of the motor system, occta more frequently and are 
less easy to control m looking at a smaller than at a lage 
figure, and ıt is had to be sure that the sıze of the figue ıs un- 
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important. But this at least seems definite, that a stable, clear, 
and effective perception of circle or square 1s more possible with 
eyemovement than without. Once the question ıs asked, any- 
one can verify for himself the falsity of the mmplicit assumption 
(usually made m the study of perception) that the figure acts 
always as one, without a remfoicing peiception of its paits as 
distinct from the whole. 

My pomt ıs not that eyemovements are essential to perception 
by a sophisticated observe: (nor, in the followmg paiagraph, 
that they are completely necessary for an image), but that the 
perception 1s definitely clearer, more effective, with them than 
without Thus is really an evident fact It 1s to be mterpreted 
in the light of all evidence, cited above, showmg that the pei- 
ception of square or circle ıs slowly leaned and depends ongi- 
nally on multiple visual fixations. 

Directly m lme wıth such phenomenological observations are 
the followmg mtrospections I find t very difficult to have a 
clear mage of a triangle, square, or crcle without immagmmg or 
actually making a seizes of eyemovements Several others, asked 
to make observation on this pomt, have reported the same thing, 
It ıs hard or impossible, that is, to have a clea, image of a ti 
angle as fixated at one pomt Eyemovements definitely mmpiove 
the “mage” They do not take the form, necessarily, of follow- 
ing the figure’s contours, but are apt to jump fiom point to 
point, perhaps three to four pomts m all. Thus the distinctive- 
ness of the image 1s not meiely m the eyemovement pattern, 
for approximately the same series of eyemovements may con- 
tribute to a good mage either of circle or square. Activation of 
the motor system, oveit o1 implicit (even possibly withm the 
cerebrum alone, with no activity of the final common paths), 
contributes essentially to the development of visual integration 
without being sufficient to it. As I have said, such evidence is 
hard to evaluate, but 1t pomts to the same conclusion as Senden’s 
evidence, already cited, and ıs supported by it, 

Clark and Lashley (1947) have confirmed the observations of 
Kennard and Ectors (1938) and Kennaid (1989), and have pno- 
vided what appears to be an mdependent confiimation of the 
argument above. Kennard found a one-sided loss of vision by 
monkeys on extirpation of the opposite frontal eyefield, a cortical 


Conclusions 35 


motor area for head-and-eye movement. Clark and Lashley 
have demonstrated thıs phenomenon convmemgly, with an ade- 
quate method of testmg The most significant and striking ob- 
servation was startle by the monkey when an object was passed 
from the blind side into the seemg side, at the moment of pass- 
ing the midline. One might have argued that the animal could 
“see” an object m his apparently hemianopic field but was not 
able to move his eyes toward ıt The observation 1eferred to 
rules that mteipretation out, and other observations showed that 
the hemianopia 15 a genuine failme to see (though it 1s tian- 
sient, disappearmg m a week or two) 

Now the question ıs what the motor cortex can have to do 
with visual perception—unless peiception mtimately mvolves a 
motor activity, lmmmal o: subliminal There is no reason to 
think that the frontal cortex has anythmg to do with the recep- 
tion of visual sensation, and the alternative seems to be that it 
must have something to do with the elaboration of sensation 
into visual perceptions In Chapter 5 will be found a treatment 
of perception which supposes that perception of even a simple 
object mvolves a “phase sequence” This 1s a cham of central 
cortical events with motor Inks. Although the moto: activa- 
tions may be sublimmal and do not always produce oveit re- 
sponse, their role is essential m any perception This would 
account for the observations of Kennard and Ectors, and Clark 
and Lashley, which therefore can be considered to be a con- 
fimation of the argument of Chapter 5 as well as the aigument 
of the precedmg paragraphs 


CONCLUSIONS 


Animal] expermments and the human clinical data alike mdi- 
cate that the perception of simple diagrams as distinctive wholes 
is not immediately given but slowly acquned though learning 
Introspective observations which would not cairy much weight 
m themselves appeai to agree fully with othe: evidence, show- 
ing vestiges of a summative process volved in perceiving the 
identity of cwcle or triangle, although such a figure 1s seen by 
the adult clearly and is effectively discrrmmated at a single 
glance, there aie still traces left of complexities such as the 
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learning process described by Senden would produce, which for 
normal persons must have occurred im early infancy and which 
makes the unified. perception possible. 

The subjective expetience of an ureducible simplicity in the 
perception of square or cucle may then be fully analogous to 
the illusion of the mage of the letter-square (Woodworth, 1938, 
p. 42), where the subject thmks he has an actual image of the 
square but can be shown not to have.* Although the percep- 
tion of identity 1s good at a glance, it is improved by several 
glances at different parts of the figure This process of “succes- 
sive pait remforcement,” as an aid to perception, exists at the 
same time as an essential unity of the whole, and theory must 
provide for the additive process, with its motor elements, as well 
as fo. the primitive unity 

This argument 1s not in any way a return to the old idea that 
sensory integration occurs solely through motor activity, or that 
the distinctiveness of a perception 1s solely or mamly due to 
distmetive eyemovement. We know that this 1s not tue. But 
there are three theoretical possibilities, not two (1) perceptual 
tegration 1s wholly the result of moto: activity, (2) it 1s wholly 
independent of motor activity; and (8) the motor activity 1s 
impoitant but not all-rmportant—the position that is taken here, 

Grant fully that visual integiation cannot be reduced to a 
synthesis of unrelated elements thiough effector activity, and 
the question remams, how much significance the motor factor 


* The experment 1s as follows The subject is shown a diagram such as 


x ead 
xr lias 
ofzg 
dy up 


and studies 1t untl he has, apparently, an image of the whole square and 
can “look at” it and read the letters off, one by one If he really has such 
an mage, ıt will not matter m what direction he ıs asked to “read” Ac- 
tually, 1t 1s found that the subject cannot reproduce the letters as fast from 
night to left as from left to nght, or promptly give the four letters, p, z, l x, 
that make up the diagonal from lower right to upper left So what seems 
a sunple, immediately given mage of the whole 1s actually a serial recon- 
struction of parts of the figure An “image” of tuangle or square 1s simpler, 
longer practiced, but may be fundamentally the same The perception of 
* such figures, also, may involve a temporal sequence 
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tay stl have, Receptor adjustment (head-and-eye movement) 
ys the most promment feature of visual perception whether m 
rat, chimpanzee, or man-except 1n long-practiced habits, The 
assumption has been tacitly made that the adjustments ae un 
mportant for theory (once st was shown that they were not the 
whole answer). The fact of eyemovement has been treated 
only as a further (negative) evidence that the locus of excita- 
tion 1m the retina 1s unimportant, smce the changing retinal pro: 
ection does not disturb perception, But obviously another 
pomt of view ıs possible The thesis of thus chapter 1s that eye- 
movements m perception are not adventitious They contnbute 
constantly and essentially, to perceptual mtegration, even though 
they are not the whole ongin of tt 


5. Field Theory 
and Equapotentialaty 


The last chapter cxammed the proposition that perception is 
a unitary process, in all its aspects We can tun now to an in- 
vestigation of the two theoues, Kohler’s and Lashley’s, that have 
resulted from that idea In effect, this will be a caitique of the 
theory of perception, smce Kohler and Lashley ae the only 
writers who both recognize tho real problem of the neural 
mechanisms of perceptual mtegnation and attempt an adequate 
solution Others have avoided the crucial difficulty of specify- 
mg the way m which perceptual generalization ocems Ether 
like Pavlov (1925, 1982) they have not seen the difficulty at all, 
or like Hull (1943) have put ıt to one side for solution later, 
Hull has discussed the problem, but only to show that it is not 
necessarily msoluble fo. his theory of learning (Hull, 1945) 
Fo. the present, Kohler and Lashley are the only ones who have 
attempted to say where and how perceptual generalization takes 
place 

For reasons already mentioned, however, the lme of thought 
that they have chosen may be a blind alley, and t must be 
shown that there are otha possible solutions Until someone 
challenges the theory of mnate stimulus equivalence and equi- 
potentiality, and of nemal fields and gradients as the only 
mechanism of mtegiation, any theory with neal connections m 
its ancestry 1s damned before ıt is born Being gravid, and so 


disapprovmg of infant damnation, let me look for another 
gospel, 
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CLARIFICATION OF TERMS AND ISSUES 


As elsewhere, the issues he1e have sometimes been lost sight 
of m the dust of a prolonged battle. There ıs one mam ques- 
tion’ whether recognition, or a selective discirmmatoiy re- 
sponse, requires the excitation of specific newal cells o1 not 

The doctrine that-1t does not, we can 1efer to as equspoten- 
tality. Kohler does not use the term, but his position ıs the 
same as Lashley’s on this pomt, and a single term will do. 

Explanations of the supposed equipotentiality differ gieatly m 
some 1espects but agree in their stress on patternmg ın the cen- 
tral nervous system as against locus of excitation so we can 
again use a single term, configuration theory, to designate 
Kohler’s (1940, Kohler and Wallach, 1944) explanation by elec- 
trical fields in the cortex and Lashley’s (1942a) alte:native idea 
of wradiating waves of excitation and then mteiference patterns. 

Next, sensory equipotentiahty can be comed for Lashley’s 
“equivalence of strmul:,” which 1s ambiguous One may want 
to refe1 to a limited degiee of equrpotentiality, mm afferent struc- 
tures, without acceptmg the whole theory of equipotentiality m 
central action, and this term can be used for the purpose. 

“Equivalence of strmult” has a double reference It may mean 
only (1) that different stumul: can aiouse the same response 
This 1s an observed fact of behavior, whatever one’s mte1pieta- 
tion of the fact. But Lashley has also used the term to mean 
(2) that tt does not matter what sensory cells ae excited m 
order to get a certan 1esponse, and this is inteipietation The 
fact that two different pattezns have the same effect may be 
due to eyemovement, o1 to multiple learning processes (the po- 
stion adopted hee); o1 1t may be because similai patterns of 
excitation have the same ultimate motor effect, mnately and 
necessarily, whether the receptors excited are the same or not. 
Let us then separate fact from interpietation, and let us rete: 
(1) to the behavioral evidence in speaking of the equivalence 
of stemul, and (2) to a particular mteipretation m speaking of 
sensory equipotentiality 

Finally, the idea of equipotentiality itself should be made 
more explicit. “Potentiality” literally implies only that different 
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cells are able to acquue the same function in behavior. Anyone 
must agree that this can happen, with separate learning proc- 
esses. It is the basic idea of conditionmg But Lashley has 
given the word another meanmg, that all cells m a system neces- 
sarily do acqune the same function, when excited in a given 
pattern, so that separate learning piocesses a1e not necessary for 
habrts involvmg different stmuli or different parts of a cortical 
field. 

Suppose for example that a habit is set up m this way: the 
stimulus is a circle, let us say, that falls always on the same 
retmal cells m the lower right quadrant, the response is a move- 
ment of the left hand. The stimulation then is confined to one 
half of the visual area in the 11ght hemisphere, and the response 
1s determmed by motor systems that aie also m the night hem 
sphere Equzpotentiality mplies (1) that any othe: 1etmal cells, 
excited m a circula, pattein, will elicit the same 1esponse—with 
either left or right hand, (2) that the mnght hemisphere may be 
extirpated, and the left will be found then to have “learned” 
whatever the nght did, and (8) that this transfe of learning 
from one set of cells, primaiily excited, to other sets does not 
depend on an emlier experience that set up connections between 
them, The 1dea 1s that the transfer is an mnate piopeity of the 
central nervous system, so that 1t 1s not possible for a particular 
habrt to depend on any particulai neural cell withm an ana- 
tomical system, m any circumstances If a whole system 1s 
extupated, habits will be lost (as when both visual aieas ate 
removed), but it is not possible for a habit to be dependent on 
one half of an anatomical system only (for the habit to depend 
on one visual area alone, or on any part of it) 

This is obviously a rather extreme position An alternative 
hypothesis to be proposed later recognizes a lumited field action 
in the sensory projection areas, and something like a limited 
equipotentiality between cells that are ın functional parallel m 
physiological systems (this will be clear later on), but in the 
main it derives transfe. of response from earlier-established 
habits and specific connections 

The issue is thus defined We must recogmze that Kohler 
and Lashley have been completely successful m their original 
attack on stumulus-response theory such as Watson’s. No one 
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now believes that retinal cells acquue direct connections with 
muscle cells, as in a child’s leainmg to say “cat” when he sees a 
cat The elrmmation of such oversimplified forms of switch- 
board theory was a fundamental contisbution, One need only 
glance at the Journal of Neurophysiology to see that there are 
giadients of neural activity; there 1s some mutual imfluence of 
neighbormg paits as an excitation 1s conducted fiom the retina 
to area 17. Electiophystology has fully confirmed the value of 
such ideas, and they must enter mto psychological theory 

But m fact, they have been generally accepted alieady, so 
this ıs no longer an issue Pavlov’s niadiation and concentra- 
tion is a field action. Hull and Spence both make use of the 
notion of gradients The question now 1s whether gradients 
and ficlds are the only mechanism of a selective newal action 
o1 whethe: they are combmed with an equally mpoitant mech- 
anism of connections and specialized conduction paths 

In short, configuiation theory 1epiesents two things. It has 
been, first, a necessary coirective to earlie: ideas, such as 
Titchener’s and Watson’s. This posttive contribution must be 
recognized as an mmpoitant step fo.waid But there ıs also an 
over-reaction fiom punctate sensory elements and sensor- 
moto: connections that ıs about as extreme as these older ideas 
As a theory, therefore, configurationism 1s Just as vulnerable as 
structuralism and the ealy behavioiism weie. 

Now let us see what the evidence 1s by which we can accept 
or reject field theory and equipotentiality. Some of the evı- 
dence that has been used to support these ideas actually 1s not 
relevant to the question, and such evidence can be discussed 
first, leavmg the moxe relevant evidence for late: consideration. 


THE PERCEPTION OF BRIGHTNESS, SIZE, PITCH 


In the literature, the perception of relative intensity has been 
used almost entirely by wuiters on configuration theo1y for the 
embarrassment of learnmg theory. Actually, it is no easier for 
configuration theory to explain, and so 1s not really 1elevant to 
the debate between the two It has been thought to be cucal, 
however, and so must be consıdered here. Man or anımal tends 
to perceive relative rather than absolute mtensity, extent, or fre- 


42 Field Theory and Equipotentiality 


quency. One can readily train an animal to choose the larger 
of two surfaces, it is extraordmarily hard to get him to choose 
a particular size, except when differences aie very great. These 
facts are psychologically :mportant, and they provided a deci 
sive answer to learnmg theory in its olde: forms, but we know 
too little of the physiology of the relative perception to use it 
as evidence for or agamst any cuently mamtamed psycho- 
logical theory 

The actual expeumental evidence ıs as follows, taking the dis- 
ciimmation of brightness as an example 

A rat 1s trained to go toward a light of mtenstty 1 and to keep 
away from mtensity 2 (i¢@, twice as strong as intensity 1) He 
is then presented with intensities 2 and 4, and chooses (if he 
chooses at all) mtensity 2-which he was taught to avoid (In 
the test, discrmmmation may break down, choices being made at 
random. This happens perhaps less than half the time, but a 
consistent choice of an absolute strmulus value neve: occms m 
the rat m these circumstances, and the 1elative value is what 
the ammal discrimmates, when he does discriminate.) 

Or, if the rat ıs taught ın the first place to avoid an intensity 1 
and to choose intensity 2, in the test with 2 and 4 he will reject 
the stimulus he was tramed to respond to m favor of a new 
one, mtensity 4. This happens even when the animal has been 
reared m total darkness and has never m his hfe seen that 
stmulus before. This is, so far as one can see, still a conclusive 
answer to any theory of behavior that deals m connections fiom 
specific rods and cones to specific muscle fibers (Hebb, 1937b),* 

But the perception of brightness is commonly cited m a 
broader context, as supporting configuration theory in general 
against “learning” theory m general By implication, it 1s treated 
as suppoit for the idea that discrimmation is not dependent on 
the excitation of any particular cells, at any neural level This 
does not follow. The truth is that no one has produced any 
good explanation of the 1elative perception, so it does not sup- 
port one camp against the othe, and the truth 1s, also, that 


*This author, however, seems to have supposed that such experiments 
rule out all posstbihty that connections are the basis of learnmg The 
hypothesis presented nm the followmg section 1s enough to show that the 
conclusion was unwarranted, 
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we know little or nothmg about the locus of the cells whose 
activity mediates the peiception “brighte:,” or “smaller,” or 
“higher” (in pitch), so the facts neither deny noi support the 
hypothesis of equipotentuality. 

We know, with reasonable ceitamty, that the trammg process 
does not form a connection all the way from 1eceptors to ef- 
fectors, but it is still possible to suppose that connections may 
be formed at some mtermediate levels I shall outlme heie a 
possible hypothesis, mamly to show that we must know more of 
the physiology of sensation before biightness perception (for 
example) can be made an argument for or agaist any existent 
theory 


AN HYPOTHESIS OF BRIGHTNESS PERCEPTION 


Marshall and Talbot’s (1942) treatment of visual acuity makes 
it possible to assume that the perception “brighter” depends on 
the activity of particular cortical cells, but not of paiticular 
receptor cells We take foi granted that mtensity 2 excites 
a lager population of first-order (retmal) neurons than inten- 
sity 1 and with a highe: 1ate of firing. Intensity 4 excites a 
sill largen population The fact that 2 and 4 may elicit the 
same selective response 1s an argument for a sensory equipoten- 
tiality, but the equipotentiality may disappear farther on m the 
system. 

Marshall and Talbot pomt out that the whole visual system, 
fom 1eceptors to the seveial layers of the ceiebial cortex, must 
act to damp strong stimulations, amplity weak ones See what 
this means for the behavio.al problem. At each synaptic stage 
in transmission the damping, or amplification, increases. A level 
X may be reached in the system where the degree of activity 1s 
constant for an adapted retinal aica, with a brightness im the 
middle range. The amount of activity at X, then, will be the 
same whether the eye 1s adapted to mtensity of 1, 2, or 4 

This of couse is true only m adaptation The system must 
remam very sensitive to changes of stimulus intensity. There- 
fore, when the eye after beng adapted to 1 1s focused on 2, the 
level of actrvity at X goes up, say, from n mpulses per second 
to 15n. The same would happen when the eye adapted to 2 
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1s focused on 4. In one part of the system, the same central 
neurons might thus be active in the perception “brighter,” re- 
gardless of absolute stimulus values. (In other parts, the cells 
that are aroused would still comespond partly to the absolute 
intensity, and this helps to account for the fact that absolute 
values can be detected, though the tendency 1s toward the rela- 
tive discrimination. ) 

My pomt is not that this has explamed the 1elative percep- 
tion. I do not suppose that the pioblem 1s as simple as this has 
made it sound The pomt ıs that the known facts are not m- 
consistent with the idea that the perception “biighter” mvolves 
an activity mm speczfic neural cells at some pomt m the system, 
and thus that a perception of 1elative values 1s not incompatible 
with some specific neural connections Somethmg else, a “sen- 
sory equipotentiality” akm to neural gradients and field action, 1s 
certainly involved, but the establıshment of new synaptic con- 
nections 1s not ruled out as the basis of an animal’s leainmg to 
1espond to the buighter of two surfaces, 

In the next two chapters some neurophysiological ideas are 
proposed about visual perception They could be elaborated 
speculatively to deal with the perception of biightness and size, 
though I have not done so. The perception of size, brightness, 
and pitch should be written down for the piesent as not yet 
accounted foi, by any theory Before they me, we shall have 
to know much more about the physiology of sensation 


THE PERCEPTION OF PATTERNS 


In the perception of patterns we reach smer ground, havmg 
moire of the relevant physiological mformation available and 
bemg better able to see what bearmg the facts have on the 
theory of equipotentuality. 

An animal that has learned to look for food behind a small 
square and not behmd a small circle will, without further tiam- 
ing, choose a large square and reject a laige circle Small and 
large squares are “equivalent stumuli” If each ıs perceived with 
a single fixation, it 1s impossible for the total pattern m each 
case to excite the same set of retmal cells. The cunent treat- 
ment of perception disregards eyemovement; the mference has 
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been drawn, therefore, that the locus of the cells stimulated | 
the square 1s unimportant. Only the pattern of stimulaty 
matters 

But we have seen, m the last chapter, that eyemovement can- 
not be disiegarded. A rat trained to jump toward a square does 
not respond only to the total figure, but at times clearly 1esponds 
to parts of it, as separate entities Eyemovement has never 
been controlled in animal studies of perception If the zat fix- 
ates parts of the figure m succession the result 1s to superimpose 
its paits, one after another, on the same ietmal cells that were 
involved mm the origmal trammg The locus of excitation may 
then be essential. Evidently the equivalence of similai patterns 
different in size does not im itself piovide support for the theory 
of equipotentiality. 

For the evidence to become crucial, two conditions must be 
fulfilled The equivalent stimuli must be shown to be con- 
ducted to different paits of the central nervous system, and 
there must have been no previous experience that could have 
set up connections between those paits before the experiment 
began 

One of these conditions has been met by Levine’s (1945a, 
1945b) experiment with pigeons The optic chiasm in buds 1s 
completely crossed, so one eye conducts to one optic lobe, the 
othe: to the othe: Levine achieved the truly suprising result 
of findmg tiansfer for patterns m the lowe: half of the visual 
field and not in the upper half. Fo: configuration theory, the 
best that can be said with these results is that there is a limited 
equipotentiality, between pats of the optic lobes (from the op- 
posite pomt of view, these results definitely ictute the theory 
of a general equipotentiality m vision) 

Levme’s experiment did not, however, control earlier experi- 
ence m his buds, and it remams possible that even the limited 
equipotentiality suggested by his results 1s illusory, It is pos- 
sible that patterns mn the lowe: half of the bud’s visual fleld— 
as when the bnd ıs foragmg on the ground, o alightmg on a 
perch that extends mto the field of vision of both eyes—had 
established, by perceptual learnmg before the experiment began, 
iterconnections between the two optic lobes which might later 
be a basis of transfer, This would not require that the bird 
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have learned beforehand the actual patteins used in the expen. 
ment, only that the parts of those patterns (or “perceptual ele- 
ments” see Chapter 5) have been learned * That this possi- 
bihty 1s not far-fetched will be seen as we consider next the 
instantaneous recognition of patterns by man, whee it 1s evi 
dent that the perception of one or two parts of a figue may be 
the clue to recognizmg the whole. 

Human beings readily 1ecognize certain patterns ım the tachis- 
toscope ‘The time of exposuie of the pattern 1s of the onder of 
one-fifth of a second The subject cannot fixate the separate 
parts of the pattern one alte: another, and cannot adjust his 
eyes in advance so as to make it fall on any particular xetinal 
cells This might be interpreted as equipotentiality, but there 
are facts that make that mterpretation practically umpossible 

I propose that the human capacity for recognizing patteins 
without eyemovement is possible only as the result of an mten- 
sive and prolonged visual taming that goes on from the mo- 
ment of birth, durmg every moment that the eyes aie open, with 
an mciease in skill evident over a peiiod of 12 to 16 years at 
least The evidence supporting this proposition 1s found (1) m 
the errors made m tachistoscopic 1ecognition, (2) m the way 
m which reading skill develops, and (8) ın the rate and course 
of leaunmg by the congenitally blind after operation 

1. The recognition of patterns momentarily peicerved, as in 
the tachistoscope, 1s extremely defective except with simple 
and conventional patterns, or very simple combmations of 
them The process is exactly that named by Woodworth (1938) 
“schema with correction.” This means that the pattern 1s per- 
ceived, first, as a familiar one, and then with something mussing 
or somethmg added The something, also, 1s familia, so the 
total perception is a mélange of the habitual 


* In particular, the slope of lmes as they extend into the fields of both 
eyes simultaneously This explanation by a learnmg process ıs not, how- 
ever, the only alternative to equipotentahty Another possibility 1s that 
part of each optic lobe, recerying impulses from the upper hemuretina only, 
has a pomt-to-point projechon to the other lobe ‘Transfer would thus be 
innately provided for The explanation by learnmg, however, should be 
examined first, by repeatmg Levme’s expenment with pigeons reared im 


darkness and kept m darkness except when they are actually bemg tramed 
or tested 
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The subject’s 1eports are such as “a triangle with the top cut 
of” or “a square with a crooked bottom” It is thus clear that 
the subject 1s not only responding to the diagram as a whole, 
he peiceives its parts as separate entities, even though piesen- 
tation 1s so brief Eiros ae promment, and such as to show 
that all the subject ieally perceives—and then only with rough 
accuacy—ts the slope of a few lmes and then dnection and dis- 
tance from one another. A drawmg o1 a report of what 1s seen 
tachistoscopically 1s not unlike a paleontologist’s 1econstiuction 
of early man fiom a tooth and amb There 1s a clea effect of 
earlier experience, filing ın gaps in the actual perception, so 
that the end result 1s ether somethmg familia: o: a combmation 
of familiar things—a i1econstiuction on the basis of expeiience 

All that ıs needed to account for the recognition of pattern 
without special adjustment of the eyes, to the extent that such 
1ecognition 1eally occurs, 1s ability to 1ecognıze 10ughly (1) the 
slope of lme, (2) degiee of separation ol pomts, m any 1etmal 
projection These in combmation cove: mtetsection of lines, 
sharp mflections of Ime (or corners), and cuivatiie of Ime (by 
the vauiation of slope at different pomts, and the absence of 
shaip inflection) What I am proposing, then, ıs that, duung 
the contmuous, mtensıve, and piolonged visual tiammg of in- 
fancy and childhood, we leain to 1ecognize the direction of lme 
and the distance between pomts, sepaiately for each grossly 
sepaiate pait of the visual field.* 


* Here, as elsewhere, I have chosen to be more definite than 1s actually 
required by the theory to be developed, this 1s done with the conviction 
(1) that vagueness 1s not desirable as such, m psychological theory, and 
(2) that the more defimite assumption may turn out to be correct, and at 
any 1ate should be explored 

If ıt is not correct, however, the later theouzing ıs unaffected An 
alternative possibility to be considered 1s that some form of Lashley’s 
interterence-pattern theory may hold m modified form Lashley has used 
the theory to explam perception of a square o1 triangle as a smgle umfied 
process, and it will be seen im the later part of this chapter that the theory 
in this form cannot be mamtamed, but it might be feasible to apply ıt to 
single mes mstead Then the stimulation from a lme of a certam slope m 
one part of the visual field would be mnately equvalent to the stumulation 
of a smilaı hne ın another part of the field I know of no evidence that 
opposes this, but no evidence for it e1ther 

Psychologically, such an explanation might be more plausible, what ıt 
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I have already admitted that such ideas sound unlikely, The 
perception of simple objects seems so simple and direct, so ob- 
viously ummediate, that ıt cannot be complex and the result of 
a long-drawn-out leainmg piocess. But it was shown in Chap- 
ter 2 that the learning process is necessaiy, that the end result 
is complex, whatever it may seem. 

It should be noted that these ideas do not mean that each 
sepaiate 10w of single cells ın the retma must be separately con- 
ditioned for the perception of houzontal line (eg) m different 
retmal projections Marshall and Talbot’s discussion of visual 
acuity implies a significant overlap of excitation, at the level of 
the primary visual coitex, fiom lmnes that have distinct retinal 
projections It is not clear how great this spread 1s, m terms of 
retinal angle, but 1t may be of the order of 2° ın centtal vision 
and considerably greater at the periphery Accoidingly, the 
number of separate visual habits necessary to ensue the 1ecog- 
nition of horizontal line m any retinal projection might be, pei- 
haps, not greate: than 10 01 15. Lanes of slightly different slope, 
hkew1se, would not have to be learned separately (remember 
that accuracy m disciummating slope tachistoscopically 1s not 
great) The number of sepaiate perceptual habits needed to 
account for tachistoscopic vision, consequently, ıs by no means 
infinite, 

Now consider how intensive and prolonged the human visual 
trammg is As we shall see later, every smgle movement of the 
eyes, when exposed (as they always aie) to an unevenly lighted 
field, produces a number of excitations corresponding exactly to 
the excitation from a numbe: of Imes all parallel to the duec- 
tion of eyemovement. The eyes are constantly moving when the 
subject ıs awake. Every wakig moment then piovides the 
necessary conditions for 1emforcmg the perception of hnes, m 
every part of the 1etma 


would postulate ıs that parallel “ndges” of activity m area 17 would tend 
to excite the same, diffusely arranged, cells m 18 My neural schematizing, 
in the followmg two chapters, would then go on as before, but without the 
necessity of supposing that different parts of the reuma must be sepatately 
conditioned to produce recognition of the slope of hne in any part of the 
field 


The question 1s, 1 believe, open to experimental test, and will be inves- 
tigated 
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We have alhheady seen that it takes months for the first direct 
apprehension of a figure such as a plam, well-maiked triangle to 
be established. The no:mal human infant, appaiently, 1eaches 
this stage quite early m life, but his further t.amimg contmues 
every moment that his eyes aie open, and must extend his ca- 
pacity for prompt 1ecognition of patterns falling outside the 
macula, 

2 Specd of reading increases up to the age of 12 to 16 years, 
or perhaps even late. This speed, depending on the mstan- 
taneous recognition of large: and larger blocks of letters, may be 
1egarded as a function of the tiammg of peripheral vision; it 
implies that leaning to recognize a word immediately (as a 
single Gestalt) m direct cential vision does not mean 1ecogniz- 
mg ıt immediately at any angle of regad, though this 1s what 
the theory of equipotentiality 1equnes 

It might be argued that the theory does not 1equue this, be- 
cause of differences of acuity between central and peripheral 
vision Peipheral 1ecognition of a word may depend, for ex- 
ample, moze on its general outlme and less on particulai lette1s 
It might be argued, that 1s, that an mcreased speed of 1eading 
depends on learnmg to use different cues fiom those used im cen- 
tral vision This may well þe tive, but such an argument aban- 
dons the fundamental thesis of equipotentiality, namely, that the 
same properties ot form aie perceived whatever the 1ctmal pio- 
jection, provided acuity 1s sufficient Above all, such an argu- 
ment would umply that pe.pheral :ecognition and cential recog- 
nition depend on separate visual habits, which 1s the argument 
of this chapter. 

More dnect evidence on the point 1s available, however, than 
when the above considerations were first formulated These 
considerations suggested the need of a 1e-exammation of some 
featues of tachistoscopic peiception, and this has been begun 
by M Mishkm and D Foigays Then experiments show di- 
1ectly that readmg does not tiain all paits of the retma in the 
same way, even when acuity does not enter the picture The 
work will be reported m detall elsewhere, m summary, the fol- 
lowmg iesults have been obtamed Fluent readeis of English, 
used to 1eading fiom left to 11ght, aie able to 1ecognize woids 
to the right of the fixation pomt between two and three times 
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as well as words to the left of fixation Readers of Jewish (mm 
which the words 1un from right to left} 1ecognize more words 
to the left of fixation. These results can be obtamed when the 
subject does not know whethe: an English or a Jewish word is 
coming next, or whether 1t will fall to the 11ght o1 the left of 
fixaton—that ıs, with a random order of left-right, English-Jewish 
presentations The subjects that have been studied were not 
very fluent in Jewish, appatently, and the left-11ght difference, 
with Jewish words, was not statistically significant (P = 0 15); 
but it 1s certain that whatever factors make the English word 
better recognized to the mght of fixation does not affect 1ecog- 
nition of Jewish words Ether there ıs no difference, or the 
Jewish word 1s recognized bette: to the left. 

This shows duectly that there 1s not an equipotentialrty be- 
tween the left and the ght hemnetima, o1 left and might oc- 
cipital cortex, m man A learned response can be mote readily 
elicited from one part of the 1etma than another, which provides 
a good deal of support for the assumption, made m these chap- 
ters, that a separate leainmg process is necessary for the elicita- 
tion of the same response by stimulation of a separate region m 
a receptor surface 

8, Fmally, there are Senden’s explicit reports of the way pat- 
tern vision develops after the congenitally blind aie operated on 
(see Chapter 2). The patient, despite weeks of practice, must 
still count corners to distmguish a square from a triangle here 
there 1s no unimportance of the locus of stimulation, no evidence 
of equipotentiahty When the patient fist gets to the pomt of 
nammg an object promptly, the recognition 1s destroyed by put- 
ting the object mto a new setting or by changmg tis color The 
significant fact 1s that the characteristic noimal generalzzation 
shows up later, afte? a prolonged and arduous trammg process 
The evidence is clearly that the apparent equipotentiality is the 
sequel and product of learning, the perception of patte1n 1s spe- 
cific and limited at first, generalized only with further practice, 
and in these cases there is no support whatever foi the idea that 
when a pattern is recognized at one angle of regard it will be 
at once recognized ın any other 
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CLINICAL AND ANATOMICAL EVIDENCE 


We can turn next to the climical and anatomical evidence that 
1s related to the question of equzpotentiality m perception. 

The conclusions reached alieady are supported by the per- 
ceptual completions m hemianopia, described by Fuchs (1920) 
and Lashley (1941) When onc occipital pole of the biam has 
been destroyed by mjuty, o1 temporarily loses its function m a 
migrame attack, the patient becomes blind m half the visual 
field If a simple symmetrical object such as a solid white 
square o1 a billiaid ball is fixated m the midline, the patient 
nevertheless repoits that he sees all of it That he does not, but 
instead completes in his perception what he really sees only half 
of, is shown by another fact If half the object is presented 
stead, m such a way that the missing half would have fallen m 
the blind side, the patient still “sees” the whole object 

What 1s the basis of this completion? Koffka (1985) treats it 
as a fuithe: evidence of Gestalt principles—an instance of the 
operation of field forces This, however, 1s precisely what it 
cannot be 

In two of Fuchs’ cases at least (Fuchs, 1920, pp 424, 436) the 
gunshot wound that pioduced hemianopia must have destroyed 
one area 17, The bullet entered the skull m the midline at the 
occipital pole, and could hardly have destroyed the optic radia- 
tions on one side without also destoymg the visual cortex on 
that side But area 17 ıs the cortical tissue m which a dynamic 
completion, due to field forces, would have to occu, there 1s no 
isomorphism in the excitation conducted beyond 17~—conduction 
is diffuse, and the topological relationship to the visual stimulus 
that 1s retained from the retma to area 17 ıs lost beyond ıt, so 
the field-force ıdea ıs applicable only at this level The com- 
pletion, then, 1s not the result of a field process 

In the case of migrame scotoma desciibed by Lashley, the 
symptoms indicate that one visual area was nonfunctional dur- 
ing an attack But this agam is the tissue ın which mterference 
patterns would have to originate, to produce the peiception of 
a complete object fixated ın the center According to the theory 
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of interference patterns (Lashley, 1942a) the perception of a 
semicircle lymg immediately to the mght of the fixation pomt 
depends on the particular interference pattern that ıs set up by 
that diagram m the left vısual cortex. A whole cele, fixated m 
the middle, sets up two such mterference patterns, one from 
each visual area. In the hemianopic, only one can occu1, why, 
then, should the patient see a whole circle? The conclusion is 
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Ficurz 4, Diagrammmg roughly the changes m cortical projection of a 
square when the fixation pomt only 1s changed based on the data of Polyak, 
1941, and hıs figure 100, for a square subtendıng a visual angle of 18° 20' 
(the size of the “cental area” of the retma) 1, fixation on the upper right 
corner of the square, which thus falls in the lower left visual field and pro- 
duces an excitahon im the upper right cortex only, 2, fixation on the lower 
right corner, 8, bilateral projection with fixation on the center of the square, 
4, bilateral, fixation on the midpomnt of the top lme of the square, 5, fixation 


on mdpomt of bottom lne F, projection of fixation pot, VM, vertical 
meridian, 


mevitable that the “completion” occurs m some other, undam- 
aged, area of the cortex—and that it cannot, consequently, be a 
field process. 

Next, consider some of the anatomical properties of the visual 
cortex in which the field process must occur 

There is a pomt-to-point correspondence between the retina 
and the visual cortex, or area 17 (Lashley, 1934, Polyak, 1941) 
Thus there 1s an isomorphism of the visually stmulating sui face 
with the resultmg excitation m area 17, and both the theories 
that we are examinmg assume that this fact accounts for the per- 
ception of a square, for example, as a distinctrve whole But 
there are definite limits to what isomorphism can account for m 
perception 

Figure 4 represents roughly the patterns of coutical excitation 
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that are aroused by Jooking at different parts of the same pat- 
tern, a square These show how hard it ıs to suppose that the 
perception of a square, as distmct from other quadiuatezals, 1s 
determined by the shape of the isomorphic excitation m area 17, 
since that shape varies so much 

(Thee aie undoubtedly major errors in the figure, which is 
based on a diagram by Polyak [1941, figue 100] Polyak made 
no attempt to represent corresponding retmal and cortical pomts 
m detail, the necessary evidence foi domg so 1s actually not ın 
existence. Polyak’s diagiam also deviates in some 1espects fiom 
his text, which 1s presumably the more accurate, his figure 100, 
for example, shows the “central fovea” half as wide as the “cen- 
tral area,” whereas his text, pp 230-231, suggests that the differ- 
ence in size is greater Fugue 4 follows his diagram, not the 
text. Finally, the human visual a1ea cannot be 1epresented ac- 
curately as a flat sheet ) 

Figime 4 1s only roughly accurate, 1t seems certam, however, 
that the distoition, m the pattern of cortical excitation, that oc- 
curs when fixation 1s changed from one to another pait of the 
figure ıs at least as great as that diagiammed If the data of 
Marshall and Talbot (1942, p 134) had been used mstead, the 
discrepancies would have been greater. Furthermore, a differ- 
ence m size (in terms of 1etimal angle) betwcen iwo squaies 
would produce even greater changes in the shape of the cortical 
excitation, although squares of diferent sıze are also supposed 
to derıve ther common ı1dentity from the dıstııbutıon of excita- 
tion im area 17 

The reproduction of retinal patterns in area 17 1s topological, 
not topogiaphical, and if identity weie completely dete:mimed 
by the shape of the cortical excitation, regardless of what the 
fixation pot may be, the perceived properties of a square with 
shifting gaze or at different distances should change maikedly— 
remaining, it 1s true, a quadrilateral (topological reproduction 
provides for this), but not retamimg the same piopoitions That 
1s, errors should occu1, 1n the perception of quadiilaterals, which 
do not occur, or m the perception of tnangles, and so on A 
circle in one angle of regard should be confused with an oval 
m another angle One might postulate a differential cell den- 
sity to correct the distoition of topogiaphical 1elations which I 
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have diagrammed, but there 1s no support fiom histological 
study of area 17 to support this ad hoc assumption, and I can 
find no way of doing it for one pattern which would not mean 
an even greater distortion for another. 

However, anotha: way of dealmg with this obstacle for field 
theory has been proposed by Kohler and Wallach (1944), who 
suggest that a differential “satiation” or fatigue would coirect the 
anatomical distortion of the cortical 1etma This proposal will 
be considered with other aspects of therr theory of figural afte- 
effects. 


THE THEORY OF FIGURAL AFTER-EFFECTS 


Kohler and Wallach (1944) have proposed a new treatment 
of perception which 1s m some 1espects very attractive and deals 
with a certam set ot facts very efficiently On the othe: hand, 
I believe that the theory 1s mconsistent with some of the facts 
reported by Kohle: and Wallach themselves, and that ıt cannot 
be considered to have disposed of the anatomical difficulty that 
has yust been discussed 

Followmg some origmal experiments by Gibson, Kohler and 
Wallach have studied certam pecular fatigue effects 1esulting 
from prolonged mspection of visual objects The method of 
experment is this. The subject keeps his eyes fixed, for some 
two to three minutes, on a smgle “fixation pomt” in a large sur- 
face on which a diagram 1s also presented The fixation pomt 
1s determmed by the experimentei so that the “mspection figure” 
stimulates a particula: part of the 1etina Then, after the m- 
spection pertod, the subject looks at a second suface, agam with 
a fixation pomt determimed by the experimenter, which 1s placed 
so that a “test figure” on this second surface also stimulates a 
paiticula: part of the 1etma. Thus m figuie 5 aie represented 
both an mspection and a test figure, supeitmposed so that one 
can see the relationship between the ietmal projection of each 
The fixation pomt 1s shown by a small x, the mspection figuie 
(at which the subject stared first) 1s the laige 1ectangle marked 
I, and the test figure ıs the set of fou small squares each 
marked T. These four squares are so placed that two fall m a 
region of greate: fatıgue or “satiation,” near the boundary of the 
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rectangle, and two fall farther away, allowmg one to discover 
the changes that occur ın the neighborhood of the inspection 
figure, where satiation has occuned 

When a test figuie 1s projected on the retma near the place at 
which the mspection figure was piojected, several effects can be 
observed im the test figure These 
effects include a colo effect (fad- 
mg), a depth effect (apparent in- 
ciease of distance fom the observer), 
and displacement effects (apparent 
change mm duection of lne, m posi- 
ton, 01 m size) It ıs the displace- 
ment eftects wıth which we are con- 
caned hee. Kohler and Wallach 
propose, fist, that the basis of pei- 
ception 1s the occuirence of electuic 
cunents aroused by the visual ex- E 
citation in the cortex of arca 17, sec- 





from 
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ondly, that the flow of these cunents, 
m the neighbothood of the excitation, 
moieases the 1esistance of the tissue 
though which they How This in- 
crease of resistance is satiation, and 
the changes ıt causes ın current flow 
account for displacement effects 


Kohler and Wallach, Proe 
Amer Phil Soc, 1944, 88, 
p 280 Courtesy of Amou- 


can Philosophical Society 
and of the authors The 
large square, I, 1 the “m- 
spection figure” to which the 
subject 15 first exposed, the 


lage square 1s then removed, 

and the subject looks al the 

four smaller “test” squares, 
each marked T 


This ıs on the assumption that per- 
ceived distance between two objects 
“vanes with the degiee to which 
corresponding cortical objects [i e., 
the excitations m area 17] me imterrcelated by then figue cm- 
rents” (Kohle: and Wallach, 1944, p. 334) Just what this mter- 
relation is and how ıt operates 1s not specified, but its degree 
decreases when the tissue between two areas of excitation has 
an incieased iesistance The two corresponding objects ın the 
visual field then look faither apait. It 1s also ımportant to ob- 
serve that Kohler and Wallach state explicitly (p 337) that ap- 
paent displacements are not dependent on actual changes in the 
locus of the excitations ın area 17 only on an macased resistance 
to current flow m the tissue between them. 

These assumptions account economically fo some of the phe- 
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nomena described by Kohler and Wallach Other phenomena, 
however, seem imconsistent with the theory Consider fist the 
perceived size of a figuie withm an aiea of satiation, mcluding 
the special case where the test figme comeides with the inspec- 
tion figue According to the theory, the perceived size of a 
square or circle should increase with increased satiation, sce 
the greater resistance to current flow between opposite sides 
should produce an overestimation of the distance between them 
In fact, the opposite is frequently reported by Koble: and Wal. 
lach when a test figme, such as square or circle, comcides 
exactly with the locus of the previously seen imspection figure, 
its apparent size dimmushes. Agam, m figure 5, the excitations 
produced by the two small test squares on the right, near the 
boundary of the mspection rectangle, are separated by tissue 
that ıs more sahated than that separating excitations from the 
two small squares on the left—yet the two on the right appear 
closer together than those on the left This difficulty fo. the 
theory 1s found ın the data obtamed by Kohle: and Wallach 
with ther figures 1, 2, 8, 4, 5, 7, 10, and so on 

The problem has been recogmzed by the authors and is 
briefly discussed at the end ot then monogiaph (pp. 351, 856) 
They suggest two possible solutions one 1s that apparent size 
may be affected by the presence of a lage area of satiation sur- 
rounding the figure, as well as by the degree of satiation wıthm 
it (p 351), another 1s the possibility that an immediate self- 
satiation, by the test figure rtself, may have a gieatei cffect than 
immediate selt-satiation plus a pre-existent satiation (p 356) If 
I understand these explanations, they may unde:mme all the 
preceding argument, much as “afferent neual interaction” under- 
mines Hull’s theory by 1emovmg the definiteness of mference 
from his other postulates (p 15) Ceitamly these two miflu- 
ences, of immediate self-satiation and of a surounding aiea of 
satiation, would have to be reckoned with m the production of 
othe: phenomena, else their existence would become an ad hoc 
postulate to be used only where difficulty appears This of 
course may mean only that the theory needs to be worked out 
in more detail, as Kohler and Wallach themselves have pointed 
out 


The Theory of Figural After-Effects 57 


Next, a difficulty of a somewhat different kind, related to the 
anatomical distortions of the cortical retma (the difficulty for 
configuration theory that was discussed m the preceding sec- 
tion) 

To deal with the anatomical fact that objects equally spaced 
m the visual field are not equally spaced tor the cortical 1etma, 
the key assumption ıs made by Kohler and Wallach that a pe- 
manent satiation im the peripheral cortical 1etma would be 
greate: than m the cortical fovea, and, accordingly, that ana- 
tomical distortion such as has been diagirammed m figure 4 
would be corrected functionally The greater peripheral satia- 
tion 1s thought to occu as follows Contours equally spaced on 
the 1etma would not be equally spaced m aiea 17, because the 
peripheial retina has a smalle: cortical 1epiesentation So an 
equal distribution of contoms m the visual field, and conse- 
quently on the retma, would result m a bunching of contours m 
the peirpheial pait of the cortical retma, and a wide spacing of 
contoms m the cortical macula On this argument, the closer 
spacmg of contouis would produce a highe1 level of satiation in 
peupheral vision, which would compensate for the fact that a 
given 1etmal angle here is 1epiesented by a much shorter co- 
tical distance than the same angle m central vision (Kohler and 
Wallach, 1944, p 345) Although the cortical distance ıs shorter, 
resistance 1s higher too’ so perceived distance remains the same 

But all this has overlooked an essential fact Acuity m cen- 
tral vision is very much higher than m perrpheral vision, and so 
there 1s no basis fo. assuming that the central cortical 1etma 
would be the site of a smaller number of excitations pei centi- 
meter. Kohle: and Wallach’s a1.gument assumes, essentially, that 
all contours in the visual field are supialiminal for the periphery, 
given this assumption, then aigument stands, but we know ac- 
tually that the assumption cannot be made, that many contours 
are supralimmal tor central vision and sublimmal for peirpheral 
vision. These contows, sublimmal at the pephery, would fill 
m the gaps between the more widely spaced excitations m cen- 
tral vision that o1igmate from contouis which are supialimial 
for the whole visual system, pe1phezal as well as cential. There 
is no evidence permittmg one to be certain that the frequency 
of contouis that are sublimmal for the perspheral field 1s such 
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as to compensate exactly fo. the greate. spacmg of othe: con. 
tous m the macula: aea of the visual cortex, but what evidence 
we have mplies this, smce differences of acuity appear to be 
closely related to the 1atio of centimeters of coitex per degree 
of visual angle (Marshall and Talbot, 1942). 

The theory of figmal after-eflects, therefore, has not avoided 
the difficulties for configmation theoly that aie to be found m 
the anatomy of the visual cortex 


CONCLUSIONS 


The conclusions that have been arrived at concerning field 
theory and equipotentiality, m this and the preceding chapter, 
may be summarized as follows The exammation of these theo- 
ries of perception was undertaken in the first place because no 
way could be found of dealing with attention and attitude, m 
terms of the configuiational hypothesis This still stands as an 
essential weakness, which by itself would justify a search for 
some othe: approach to peiception On closer inspection, how- 
evel, one also finds that configuration theory has flaws even m 
the treatment of perception itself, and some of the flaws are 
serious It 1s not possible to reject the theory finally, for an 
answer may be found for each of the objections that have been 
raised, and the alteinative treatment that 1s proposed ım the two 
followmg chapters has its own difficulties and shoitcommgs—it 
1s mm fact because my theoizmg about perception 1s m some re- 
spects implausible that I am obliged to emphasize weaknesses in 
othe: theoutes, just as later (in Chapter 8) a rather vague treat- 
ment of motivation 1s bolstered up by tymg to show that Hulls 
alternative 1s not as precise as it seems 

The fundamental difficulty with configuration theory, broadly 
speaking, 1s that it leaves too little 1oom for the factor of expe- 
rence It makes difficulty m seemg how learning can occur 
(paiticularly, perceptual leainmg), and m seemg how autono- 
mous central processes can exist and mfluence behavior Asso- 
ciation (as distmct from conditioned reflex) theory, on the other 
hand, may make 1t possible to adopt a halfway position m which 
one can take advantage of some of the obvious values both of 


configuratiomst and of connectiomist theones 
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It 1s mpoitant as psychology comes of age to avoid, if pos- 
sible, the extreme postions that have often been adopted m the 
discussions of the past. It 1s consequently relevant here to pomt 
out that a large pait of the o1ginal thesis of the configuration- 
ists (the Gestalt group, Lashley, Tolman, et al) has already 
been accepted and ıs fully made use of ın current theouzmg, 
and also that the theory to be presented in the followmg chap- 
ters 1s explicitly designed to deal fiom the fust with the prob- 
lems of form perception and attention o1 set—pioblems whose 
existence has been most msisted on m 1ecent years by the con- 
figurationists—as well as those problems of leainmg and memory 
emphasized by learnmg theousts Thus the present argument 
1s based at least as much on Gestalt as on learnmg theory 

The curent debate between these two theories cannot be 
understood on the assumption that they are utterly opposed to 
each other It is rather to be seen as lke the 1unnmg battle 
between the Left and the Right in governmental policy: the 
Left contmually msistmg on the madequacy of present theory, 
working to broaden and elaborate the conceptual armament of 
the experimenter, the Right msisting always on the dangers of 
bemg too free with changes that may open the doois to anumism, 
on the impoitance of demonstiable evidence and itelligible 
definitions, and on the necessity of fully exploimg the ideas 
we have now befoie iejectng them as insufficient But im this 
conflict, as in the political one, 1t will be found ove: any 
great period of tume that the Right (in cuent psychology, 
learnmg theory) has adopted agam and agam the ideas onigi- 
nally advocated by the Left (cuently configiationism), once 
they are pioperly aged and found not to have spoiled Thus 
modern learnmg theory 1s “sophisticated”, it deals freely in 
ideas that were once anathema to it—ideas of gradients, gener- 
alizations, mteraction among afferent processes as well as the 
classical afferent-efferent action, and so on. Obviously both 
Left and Right are needed foi the development of psychology, 
though it may be easy tor the configmationist to forget the 
value of the systematizing and scarch fo. rigor made by his 
opponent, or for the leaanmg theorist to torget where some of 
his ideas origmally came from. 


4, The First Stage of Perception: 
Growth of the Assembly 


This chapter and the next develop a schema of neural acton 
to show how a rapprochement can be made between (1) per- 
ceptual generalization, (2) the permanence of learnmg, and_(3) 
attention, determmmg tendency, or the lke It 1s proposed first 
that a repeated stimulation of specific 1eceptors will lead slowly 
to the formation of an “assembly” of association-area cells which 
can act briefly as a closed system after stimulation has ceased, 
this prolongs the time durmg which the stiuctmal changes of 
learning can occur and constitutes the simplest instance of a 
representative process (image o1 idea) |The way m whuch this 
cell-assembly might be estabhshed, and its characteristics, are 
the subject matter of the present chapter. In the followmg 
chapter the mtenelationships between cell-assembles aie dealt 
with, these are the basis of temporal orgamzation m central 
processes (attention, attitude, thought, and so on). The two 
chapters (4 and 5) construct the conceptual tools with which, 
m the followmg chapters, the problems of behavior aie to be 
attacked. 

The fist step m this newal schematizmg 1s a bald assumption 
about the stuctual changes that make lasting memory possible. 
The assumption has 1epeatedly been made beto1e, m one way 
or another, and iepeatedly found unsatisfactory by the entices 
of leamng theory I believe at is still necessary As a result, I 
must show that m another context, of added anatomical and 
physiological knowledge, ıt becomes more defensible and more 
feitile than ın the past, 

| The assumption, m buief, 1s that a growth process accompany- 
mg synaptic activity makes the synapse more readily traversed. 
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Dual Trace Mechanism 


| This hypothesis of synaptic 1esistances, however, is differ: 
from eale: ones m the following iespects (1) structwal cdf 
nections are postulated between single cells, but smgle cells ae 
not eflectrve units of ttansmission and such connections would 
be only one factor determmmg the dnection of transmission, 
(%) no dnect sensorimotor connections are supposed to be 
established in this way, in the adult animal, and (8) an inti 
mate relationship 1s postulated between 1everbe:ato1y action 
and structural changes at the synapse, mmplying a dual trace 
mechanism. 


4 THE POSSIBILITY OF A DUAL TRACE MECHANISM 

Hilgad and Marquis (1940) have shown how a 1everbera- 
tory, transient trace mechanism might be proposed on the basis 
of Lorente de Nó’s conclusions, that a cell ıs fned only by the 
smultaneous activity of two or more afferent fibers, and that 
mteinuncial fibers aie arranged in closed (potentially self-excit- 
ig) circuits Then diagiam is aianged to show how a revet- 
beiatory cucurt might establish a sensori-moto: connection be- 
tween iecepto: cells and the effectors which cany out a condi- 
tioned 1esponse There is of couse a good deal ot psycho- 
logical evidence which 1s opposed to such an oveisimplified 
hypothesis, and Hilgaid and Maiquis do not put weight on it. 
At the same time, it 1s important to see that something of the 
kind 1s not merely a possible but a necessary mfcrence from 
certam neurological ideas To the extent that anatomical and 
physiological observations establish the possibility of reve bera- 
tory after-eflects of a sensory event, it 1s established that such 
a process would be the physiological basis of a transient 
“memory” of the stimulus. There may, then, be a memoriy trace 
that is wholly a function of a pattern of neural activity, mde- 
pendent of any structuial change. 

Hilgaid and Maiquis go on to pomt out that such a trace 
would be quite unstable A reverberatory activity would be 
subject to the development of 1efiactory states m the cells of 
the cneuit in which ıt occus, and external events could readily 
interrupt t We have already seen (in Chapter 1) that an 
“activity” tlace can hardly account for the pe:manence of early 
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learning, but at the same time one may regard reverbeiatory 
activity as the explanation of other phenomena : 

” There are memories which are mstantaneously established, 
and as evanescent as they ale mmmediate In the 1epetition of 
digits, for example, an mteival of a few seconds 1s enough to 
prevent any interference from one senes on the next Also, 
some memouies are both mstantaneously established and perma- 
nent To account for the permanence, some structural change 
seems necessary, but a structural giowth presumably would re. 
quue an appreciable time. If some way can be found of sup- 
posmg that a reverberatory tiace might cooperate with the 
structural change, and carry the memory until the growth change 
is made, we should be able to recognize the thcoretical value 
of the trace which is an activity only, without having to ascithe 
all memory to ıt The conception of a transient, unstable rever- 
beratory trace is therefore useful, if it 1s possible to suppose 
also that some more permanent structural change 1cmforces it 
There 1s no reason to think that a choice must be made between 
the two conceptions, there may be traces of both kinds, and 
memories which aie dependent on both. 


A NEUROPHYSIOLOGICAL POSTULATE 


Let us assume then that the peisistence or 1epetition of a re- 
verberatory activity (or “trace”) tends to induce lasting cellular 
changes that add to its stability. The assumption * can be pie- 
cisely stated as follows When an axon of cell A is near enough 
to excite a cell B and repeatedly or persistently takes part in 
firing 1t, some growth process or metabolic change takes place 
in one or both cells such that A’s efficiency, as one of the cells 
firing B, is increased 

The most obvious and I believe much the most probable 
suggestion concernmg the way m which one cell could become 
more capable of firmg another 1s that synaptic knobs develop 
and increase the a1ea of contact between the afferent axon and 
efferent soma, (“Soma” 1efers to denduites and body, or all of 


*See p 229 for a further discussion of this pomt and an elaboration of 
the assumption made concerning the nature ot memory 
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the cell except 1ts axon ) Thete 1s certamly no dnect evidence 
that this 1s so, and the postulated change if it exists may be 
metabolic, affecting cellular ıhythmıcıty and limen, or there 
might be both metabolic and structmal changes, mcluding a 
limited _neurobiotaxis There are several considerations, how- 
ever, that make the giowth of synaptic knobs a plausible con- 
ception The assumption stated above can be put more defi- 
nitely, as follows 

When one cell repeatedly assists in fumg another, the axon 

d the first cell develops synaptic knobs (01 enlarges them if 
they already exist) m contact with the soma of the second cell 
This seems to me the most likely mechamism of a lastmg effect 
of reverberato1y action,, but I wish to make it clea: that the 
subsequent discussion depends only on the more generally 
stated proposition italicized above 

It is wise to be explicit on another point also. The proposi- 
tion does not 1equire action at any great distance, and certainly 
is not the same as Kappers’ (Kappers, Huber, and Crosby, 
1936) conception of the way m which neurobiotaxis contols 
axonal and dendiitic outgrowth But my assumption ıs evr- 
dently elated to Kappers ideas, and not inconsistent with 
them (The theory of nemobiotaxis has been severely criticized, 
and clearly it does not do all ıt was once thought to do On 
the other hand, nemobuotaxis may still be one facto. determin- 
ing the connections made by newmal cells If so, it would 
cooperate very neatly with the knob foimation postulated above 
Criticism has been duected at the idea that nemobiotaxis di- 
1ects axonal growth thioughout its whole course, and that the 
process sufficiently accounts for all nemal connections. The 
idea 1s not tenable, paiticulaly m view of such work as that 
of Weiss (1941b) and Speny (1943). 

But none of this has shown that neurobiotaxis has no mfu- 
ence in neural growth, its operation, withm ranges of a cent- 
meter or so, 1s still plausible Thus, m figure 6 (Lorente de 
Nó, 19882), the multiple synaptic knobs of fiber 2 on cell C 
might be outgiowths from a fibe: passmg the cell at a distance, 
and determmed by the fact of 1epeated simultaneous excita- 
tons m the two Agam, the course followed by fiber 7 m the 
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ae 6 Relationships between synaptic knobs and the cell body From 
orente de N6, 19884 Comtesy of Charles C Thomas and of the author 
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neighborhood of cell D may melude deflections from the 
orginal course of the fiber, deteammed m the same way. 

The details of these Instological speculations are not impor- 
tant except to show what some of the possibilities of change at 
the synapse might be and to show that the mechanism of leain- 
img discussed in this chapter 1s not wholly out of touch with 
what 1s known about the nemal cell, The changed facilitation 
that constitutes leainmg might occu: m othe: ways without 
affectmg the rest of the theory To make it mote specific, I 
have chosen to assume that the giowth of synaptic knobs, with 
or without neuobiotaxis, 1s the basis of the change of facilita- 
tion from one cell on another, and this ıs not altogether ım- 
plausıble. It has been demonstrated by Aıvanıtakı (1942) that 
a contiguity alone will permit the excitation a1oused in one cell 
to be tiansmitted to another There are also earlier experi- 
ments, reviewed by Arvanitaki, with the same implication 
Even more tmpoutant, perhaps, 1s Fılanger’s (1989) demonstra- 
ton of umpulse transmission across an artificial “synapse,” a 
blocked segment of nerve more than a muillimete: im extent 
Consequently, in the ntact ne:vous system, an axon that passes 
close to the dendrites or body ot a second cell would be capable 
of helping to fire ıt, when the second cell ıs also exposed to 
othe: stimulation at the same pomt The probability that such 
closely timed coimcidental excitations would oceu ıs not con- 
sidered fo. the moment but will be 1eturned to When the 
comeidence does occu, and the active fiber, which is merely 
close to the soma of another cell, adds to a local excitation m 
it, I assume that the joint action tends to produce a thickenmg 
of the fibe:—formmg a synaptic knob—or adds to a thickenmg 
aheady present 

Lorente de Né (1938a) has shown that the synaptic knob is 
usually not a termmal stiuctuie (thus the term “end foot” o1 
“end button” 1s misleadmg), nor always separated by a stalk 
fiom the axon or axon collateral If it were, of course, some 
action at a distance would be mevitably suggested, 1f such con- 
nections are formed m learnmg The knob mstead 1s often a 
iather uregula: thickenmg im the unmyelinated part of an axon 
near its ending, where it 1s threading its way though a thicket 
of dendiites and cell bodies The pomt in the axon where the 


a 
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thickenmg occurs does not appear to be determined by the 
structure of the cell of which it 1s a part but by somethmg ex- 
ternal to the cell and 1elated to the presence of a second cell, 
The number and size of the knobs formed by one cell ın con- 
tact with a second cell vary also In the hight of these facts it 
1s not implausible to suppose that the extent of the contact 
established is a function of jomt cellula: activity, given piopin- 
quity of the two cells 

“ Also, 1f a synapse 1s ciossed only by the action of two or more 
afferent cells, the mmplication 1s that the gieate: the area of con- 
tact the greater the likebhood that action in one cell will be 
deciswe m firmg another.* Thus thee afferent fibers with 
extensive knob contact could fire a cell that othe: wise might be 
fired only by fom or mote fibers; or fired sooner with knobs 
than without 

In short, 1t 1s feasible to assume that synaptic knobs develop 
with neual activity and represent a lowered synaptic 1esist- 
ance It 1s umplied that the knobs appear m the couse of 
learnmg, but this does not gıve us a means of testmg the as- 
sumption. There 1s apparently no good evidence concernmg 
the 1elatrve fiequency of knobs m mfant and adult biains, and 
the assumption does not mply that there should be none ın the 
newboin mfant The leanmg iefeied to is leainmg m a very 
general sense, which must certamly have begun long before 
birth (see e g, the footnote on pp 121-2) 


* One point should perhaps be made exphe:t Followmg Lorente de Nó, 
two afferent cells are considered to be effective at the synapse, when one 
1s not, only because ther contacts with the efferent cell are close together 
so ther action summates When both are active, they create a lager 
region of local disturbance m the ellerent soma The larger the knobs in 
a given cluster, therefore, the smaller the number that might activate the 
cell on which they are located On occasion, a single afferent cell must be 
effective in transmission It ıs worth pomting this out, also, because 1t 
might appear to the reader otherwise that theie 1s something mysterious 
about emphasis on the necessity of activity m two or more cells to activate 
the synapse All that has really been shown ıs that m some cncumsiances 
two or more afferent cells are necessary. However, this mevitably imphes 
that an mcrease m the number of afferent cells simullaneously active must 
increase the rehability with which the synapse is traversed 
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X CONDUCTION FROM AREA 17 

In order to apply this idea (of a structural 1emforcement of 
synaptic transmission) to visual perception, 1t 1s necessary first 
to examine the known properties of conduction from the visual 
cortex, area 17, to areas 18, 19, and 20 (In view of the criti- 
cisms of architectonic theory by Lashley and Clark [1946], 1 
may be said that Brodmann’s areas aie 1efeied to heie as a 
convenient designation of 1elative coutical position, without sup- 
posmg that the areas are necessarily functional entities 01 always 
lustologically distimctive ) 

It has already been seen that there is a topological 1eproduc- 
tion of 1etimal activities in area 17, but that conduction from 17 
to 18 is diffuse. Von Bonin, Garol, and McCulloch (1942) have 
found that a localized excitation in 17 1s conducted to a lage 
pat of 18, a band lying along the margins of 17. There 1s no 
pomt-to-pomt correspondence of 17 and 18 Excitation from 18 
1s conducted back to the nearest border region of 17, to all parts 
of area 18 itself, and to all parts of the contalateral 18, of area 
19 (lymg anterior to 18), and of area 20 (in the lower part of 
the temporal lobe). 

The diffustty of conduction fiom aea 17 is illustrated by the 
diagram of figme 7 Cells lymg in the same pait of 17 may 
conduct to different pomts m 18 The cells m 18, thus stimu- 
lated, also lead to points m 18 1tself which ae widely separated, 
to any part of the ipsilateral areas 19 and 20, and, through one 
synapse, to any part of the contralateial 19 and 20 Conversely, 
cells hyng in diferent puts of 17 or 18 may have connections 
with the same point in 18 or 20. 

Thus there 1s convergence as well as spread of excitation. The 
second point illustrated by figure 7 is a selective action m 18, 
dependmg on the convergence of fibers from 17 In the figure, 
F and G are two cells in arca 18 connectmg the same macro- 
scopic areas F, however, ıs one that happens to be exposed to 
excitations from both A and B (two diferent 1egions in area 
17) When an atea-17 excitation includes both A and B, F is 
much more likely to be fired than G The figue does not show 
the short, closed, multıple chams which are found m all parts 
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of the cortex and whose facilitatmg activity would often make 
it possible for a single fiber from B to fire G But the same 
sort of local bombaidment would also aid m firmg F, and the 
cell which receives excitations from two area-l17 fibers simul- 
taneously would be more likely to fire than that which receives 
excitation from only one. 


Area 17 Area 18 \ Area 19 \ 





Area 20 N 


Fıcure 7 Illustratng convergence of cells in Brodmann’s area 17 upon 
cells in area 18, these cells in turn leading to other areas A, B, C, three 
grossly distinct regions m area 17, D, E, F, G, H, cells m area 18 See text 


On the other hand, when B and C (mstead of A and B) are 
excited simultaneously, G would be more likely to fire than F 
Any specific region of activity m area 17 would tend to excite 
specific cells in area 18 which would tend not to be fired by the 
excitation of anothe: region m 17. These specific cells m 18 
would be diffusely arranged, as far as we know at random 
They would be usually at some distance from one another and 
would always be mtermingled with others which are not fired 
by the same afferent stumulation, but because of then lastmg 
structural connections would tend always to be selectively ex- 
cited, in the same combmation, whenever the same excitation 
recurs m area 17 This of course would apply also im areas 19 
and 20, Smce a single pomt m 18 fires to many points through- 
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out 19 and 20, excitation of any laige number of area-18 cells 
means that conveigence in 19 and 20 must be expected How 
often at would happen 1s a statistical question, which will be 
deferred to a later section. 

The tissues made active beyond aiea 17, by two different 
visual stimuli, would thus be (1) grossly the same, (2) bisto- 
logically distinct. A difference of stimulatmg pattern would 
not mean any gross difference m the part of the bram which 
mediates perception (except in the afferent stiuctures up to and 
including aiea 17, the visual cortex). Even a completely um- 
lateral activity, 1t should be noted, would have diffuse effects 
throughout areas 18, 19, and 20 not only on one side of the bram 
but on both, At the same time, a difference of locus or pattern 
of stumulation would mean a difference m the particular cells m 
these areas that are consistently or maximally fired, 


MODE OF PERCEPTUAL INTEGRATION THE 
CELL-ASSEMBLY 


In the last chapter ıt was shown that there are important 
properties of perception which cannot be ascribed to events m 
area 17, and that these are properties which seem particularly 
dependent on leaınmg That “identity” 1s not due to what hap- 
pens m 17 is strongly mmplied by the distortions that occm m 
the projection of a 1etmal excitation to the cortex When the 
facts of hemsanopic completion aie also considered, the conclu- 
sion appears mescapable Perception must depend on other 
structures besides area 17, 

But we now find, at the level of area 18 and beyond, that all 
topographical organization in the visual process seems to have 
disappeared. All that is left 1s activity in an megular anange- 
ment of cells, which are intertangled with others that have noth- 
ing to do with the perception of the moment. We know of 
course that perception of simple objects 1s unified and determ1- 
nate, a well-organized process. What basis can be found for an 
mntegration of action, ın cells that are anatomically so disor- 
ganized? 

An answer to this question ıs provıded by the structmal 
change at the synapse which has been assumed to take place in 
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learnmg. The answer 1s not simple; perceptual integration 
would not be accomplished directly, but only as a slow devel- 
opment, and, for the purposes of exposition, at least, would in- 
volve several distmet stages, with the first of which we shall 
now be concerned. 

The general idea is an old one, that any two cells or systems 
of cells that aie repeatedly active at the same time will tend to 
become “associated,” so that activity m one facilitates activity in 
the other, The details of speculation that follow are intended 
to show how this old idea might be put to work agai, with the 
equally old idea of a loweied synaptic “1osistance,” under the 
eye of a different neurophysiology from that which engendered 
them. (It is perhaps woith while to note that the two ideas 
have most often been combmed only m the special case in 
which one cell ıs associated with another, of a higher level or 
order in transmission, which it fires, what I am proposing ıs a 
possible basis of association of two afferent fibers of the same 
ordeı—ın principle, a sensori-sensory association,” m addition to 
the lmear association of conditionmg theory ) 

The proposal 1s most simply ilustrated by cells A, B, and C 
m figure 8 A and B, visual-area cells, aie simultaneously ac- 
tive The cell A synapses, of couse, with a large number of 
cells m 18, and C 1s supposed to be one that happens to lead 
back mto 17. Cells such as C would be those that pioduce the 
local wedge-shaped area of frmg m 17 when a pomt in 18 1s 
strychnimized (von Bonm, Garol, and McCulloch, 1942) The 
cells ın the region of 17 to which C leads aie bemg fied by the 
same Massive sensory excitation that fires A, and C would almost 
necessarily make contact with some cell B that also fires mto 18, 
or communicate with B at one step removed, though a short- 
axon circuit. With repetition of the same massive excitation m 
17 the same firmg 1elations would recur and, according to the 
assumption made, growth changes would take place at synapses 
AC and CB This means that A and B, both afterent neurons 


* It should be observed, however, that some theousts have continued to 
mamtam that “S-S” (sensori-sensory) associations are formed im the leam- 
ing process, and have provided experimental evidence that seems to estab- 


lsh the fact. See, eg, Brogden, J Erp Psychol , 1947, 87, 527-589, and 
eather papers cited therem 
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of the same order, would no longe: act mdependently of cach 
other 

At the same time, m the conditions of strmulation that aie 
diagrammed in figue 8, A would also be likely to synapse (di- 
iectly, o1 v:a a short closed lnk) with a cell D which leads 
back mto an unexcited pait of 17, and there synapses with stall 





FIGURE 8 Ficunn 9 


Ficurs 8 Cells A and B he n a region of aiea 17 (shown by hatching) 

which 1s massively exerted by an afferent stimulahon C 1s a cell im area 

18 which leads back mto 17 EF 1s m aiea 17 but hes outside the remon of 
activity See text 


Ficurn 9 A, B, and C are cells nm area 18 which are excited by convergmg 

fibers (not shown) leading from a specifie pattern of activity m area 17 

D, E, and X are, among the many cells with which A, B, and C have con- 

nections, ones which would contribute to an integration of thei activity 
See text 


another cell E of the same order as A and B_ The synapse DE, 
however, would be unlikely to be traversed, since it 1s not lke 
CB exposed to concentiated afferent bombaidment Upon fie- 
quent repetition of the paiticulai excitation m area 17, a func- 
tional 1elationship of activity m A and B would increase much 
more than a relationship of A to E 

The same considerations can be apphed to the activity of the 
enoimous number of individual cells m 18, 19, and 20 that are 
simultaneously aroused by an extensive activity im 17 Hele, it 
should be observed, the evidence of neuonography imphies that 
there are anatomical connections of every pomt with every other 
point, within a few millimeters, and that there 1s no orderly ar- 
rangement of the cells concerned 


72 Growth of the Assembly 


Figme 9 diaguams three cells, A, B, and C, that me effectively 
fired m 18 by a paticula visual stimulation, fiequently repeated 
(by fixation, for example, on some pomt ın a constant distant 
envuonment) D, E, and X 1epiesent possible connections 
which mght be found between such cells, dnectly or with m- 
tervenmg lmks Supposing that time iclations in the fume of 
these cells make it possible, activity in A would contibute to 
the fuing of E, and that m B to fımg C and D Giowth changes 
at the synapses AE, BC, BD, and so on, would be a begmnmg 
of mtegiation and would inciease the probability of coordinated 
activity m each pair of neurons 

The fundamental meanmg of the assumption of growth at the 
synapse 1s m the effect this would have on the timing of action 
by the efferent cell The mncieased area of contact means that 
fing by the efferent cell 1s more likely to follow the lead of the 
afferent cell A fiber of order n thus gams mczeased control 
over a fiber n+ 1, makmg the fuing of n-+ 1 more predictable 
oi determmate The control cannot be absolute, but “optional” 
(Lorente de Nó, 1939), and depends also on othe: events in the 
system In the present case, however, the massive excitation m 
17 would tend to establish constant conditions thioughout the 
system duung the brief penod of a smgle visual fixation; and 
the postulated synaptic changes would also mcrease the degiee 
of this constancy, A would acqune an mcieasimg contol of 
E, and E, with each repetition of the visual stimulus, would fire 
more consistently at the same time that B 1s fnimg (B, it will be re- 
called, 1s directly controlled by the aiea-17 action). Synaptic 
changes EB would therefore result Similasly, B acquires an 
increasmg contiol of D, and whenever a cell such as D happens 
to be one that connects again with B, through X, a closed cycle 
(BDXB) 1s set up. 

It 1s, however, misleading to put emphasis on the coincidences 
necessary for the occurrence of such a simple closed cucut 
Instead of a ring or hoop, the best analogy to the sort ot struc- 
tme which would be set up or “assembled” is a closed sold 
cage-work, or thiee-dimensional lattice, with no 1egulai struc- 
ture, and with connections possible from any one mteisection to 
any other. Let me say explicitly, agam, that the specificity of 
such an assembly of cells in 18 or 20, to a particular excitation 
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in 17, depends on convergences Whenever two cells, dnectly 
o1 indnectly contiolled by that excitation, conveige on another 
cell (as E and X converge on B ın figue 9) the essential con- 
dition of the present schematızıng ıs fulfilled, the two converg- 
img cells need not have any simple anatomical or physiological 
1elation to one anothe1, and physi- 
ological mtegiation would not be 
supposed to consist of independent 
closed chains 12 13 

This has an impoitant conse- 
quence. Lorente de Nó (1938b) 
has put stess on the fact that ac- 1,4 
tvıity ım a short closed cncwmt must 
be 1apıdly extmguıished, and could 
hardly persist as long as a hun- 
diedth of a second It is hard, on 
the other hand, to see how a long, 
many-lnked cham, capable of 
longer reveiberation, would get 
established as a functional unit. 





—— 
7,15 


Ficure 10 Arrows represent a 
sunple “assembly” of neural 
pathways or open multiple 
chams firmg accordimg to the 


But look now at figme 10, which 
diagiams a different soit of possi- 
bility Atiows represent not neu- 
rons, but multiple pathways, of 
whatever complexity 1s necessary 
so that each arrow stands for a 


numbers on each (the pathwav 
“1, 4” fires first and fourth, and 
so on), wlustrating the possibil- 
ity of an “alternating” rever- 
beraton which would not ev- 
tmguish as readily as that m a 


smple closed circuit 
functional unit These units fhe in 


the order I, 2, 8, 15 The pathway labeled (1, 4) 1s the first 
to fire, and also the fowth, (2, 14) fires second and fourteenth, 
and soon The activıty 1-2-3—4 ıs m a relatively smmple closed 
cncwt, At this pomt the next unit (2, 14) may be 1efractory, 
which would effectively extinguish 1everberation in that simple 
arcut But at this pomt, also, anothe: pathway (5, 9) may be 
excitable and peimuit activity in the large: system to continue in 
some way as that suggested by the numbers ın the figue The 
sort of iiegula: thiee-dimensional net which might be the ana- 
tomical basis of peiceptual tegration m the association areas 
would be infinitely more complex than anything one could show 
with a diagiam and would provide a large number of the mult- 
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ple parallel (o1 alternate) units which are suggested by figure 
10. If so, an indefinite 1everberahon in the stiuctue might be 
possible, so long as the backgiound activity m other cells in the 
same gross region remamed the same. It would not of course 
remaim the same for long, especially with changes of visual fixa- 
tion, but such considerations make it possible to conceive of 
“alternatng” reverberation which might frequently last for 
periods of time as great as half a second or a second 

(What I have m mind, m emphasizing half a second on so as 
the duration of a reverberatory activity, 1s the obseived dura- 
tion of a smgle content m perception [Pillsbwy, 19139, Bormg, 
1983] Attention wanders, and the best estumate one can make 
of the duration of a smgle “conscious content” is of this tme- 
order ) 

This then is the cell-assembly Some of its characteristics 
have been defined only by implication, and these are to be de- 
veloped elsewhere, particularly n the 1emaimder of this chapter, 
m the followmmg chapter, and m Chaptei 8 (see pp 195-7). The 
assembly is thought of as a system inherently mvolving some 
equipotentiality, in the presence of altexnate pathways each 
having the same function, so that bram damage might remove 
some pathways without preventing the system fiom functioning, 
particularly if the system has been long established, with well- 
developed synaptic knobs which decrease the number of fibers 
that must be active at once to traverse a synapse 
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It must have appeared to the 1eade: who examined figures 
8 and 9 carefully that there was somethmg unlikely about its 
bemg arranged at the Cieation to have such neat connections 
exactly where they were most needed for my hypothesis of per- 
ceptual mtegiation The answer of course 1s statistical the 
neurons diagrammed_weie those which happen to have- such 


connections, and, given a large enough population of connecting 


fibers ers distubuted at random, the tmpiobable connection must 
become quite frequent, n absolute numbers The next task 1s 
to assess the statistical element m these calculations, and show 


that probability 1s not stretched too far. 
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The diagiams and discussion of the pieceding section require 
the fiequent existence of two kinds of comeidence. (1) syn- 
chromzation of fing m two or mo1e converging axons, and (2) 
the anatomical fact of convergence m fibers which are, so fai 
as we know, atanged at1andom The necessity of these com- 
cadences sets a lmit to postulatmg functional connections ad hb. 
as the basis of integiation. But this 1s not 1eally a difficulty, 
since the psychological evidence (as we shall see) also umplies 
that there are limits to peiceptual mtcgiation_ 

Consider fist the enormous frequency and complexity of the 
actual neural connections that have been demonstiated Insto- 
logically and physiologically One ıs apt to thmk of the neural 
cell as having pethaps two or three o1 half a dozen connections 
with other cells, and as leading from one minute pomt in the 
cential nervous system to one other mmute pomt. This impres- 
sion 1s far from the tiuth and uo doubt 1s due to the difficulty 
of 1epresenting the tiue state of afflaus m a prmted diawmg 

Forbes (1989) mentions for example an estimate of 1300 
synaptic knobs on a smgle antenor hoin cell. Lorente de Nô’s 
drawmgs (1943, figures 71-73, 75) show a complexity, m the 
ramification of axon and denduite, that simply has no relation 
whatever to diagiams (such as mme) showmg a cell with one 
or two connections. The gross extent of the volume of cortex 
infiluated by the collaterals of the axon of a smgle nemon ıs 
measured m millimeters, not m microns, ıt certamly ıs not a 
smgle pomt, microscopic m size. In area 18, the stnychnme 
method demonstrates that each tmy area of cortex has connec- 
tions with the whole region (These areas are about as small 
as 1 sq mm, according to McCulloch, 19446 ) It puts no gieat 
strain on probabilities to suppose that there would be, m area 
18, some anatomical connection of any one cell, excited by a 
particular visual strmulation, with a number of others excited m 
the same way. 

~ There 1s, therefore, the anatomical basis of a gieat number of 
convergences among the multitude of cortical cells duectly on 
indnectly excited by any massive ietinal activity This is to be 
kept m mind as one approaches the physiological question of 
synchonization m the converging fibeis. In the tridimensional, 
lattice-hke assembly of cells that I have supposed to be the basis 
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of perceptual mtegration, those interconnecting neurons which 
synapse with the same cell would be functionally m parallel, 
Figure 10 illustrates this. The pathways labeled (1, 4), (8), 
and (18), converging on one synapse, must have the same func- 
tion in the system, or the two-link pathway (5, 9)—(6, 10) the 
same function as the single lmk (2, 14). When impulses m one 
such path are not effective, those m another, anvmg at a dif- 
ferent time, could be. 

Once moie, the oveisimplification of such diagrams is highly 
misleading At each synapse there must be a consideiable dis- 
persion in the tume of arrival of impulses, and m each mdzvidual 
fiber a constant vaiation of responsiveness; and one could never 
predicate a determmate pattern of action m any small segment 
of the system ‘Tn the larger system, however, a statistical con- 
stancy might be quite predictable | 

Tt is not necessary, and not possible, to define the cell- 
assembly underlymg a perception as bemg made up of neurons 
all of which are actıve when the proper visual stimulation oc- 
cus One can suppose that there would always be activity m 
some of the group of elements which are ın functional parallel 
(they are not of course geometrically parallel). When for 
example excitation can be conducted to a particular pomt im the 
system from five different directions, the activity characteristic 


of the system_as a whole might = maintained by. excitation m 
be synchonized with any Shwe one fiber 

There would still be some necessity of synchionization, and 
this has another aspect In the integration which has been 
hypothesized, depending on the development of synaptic knobs 
and an mcereasmg probability of contiol by afferent over efferent 
fibers, there would necessarily be a giadual change of the fie- 
quency characteristics of the system The consequence would 
be a soit of fractionation and recruitment, and some change in 
the neurons making up the system That is, some units, capable 
at fist of synchronizing with others m the system, would no 
longer be able to do so and would diop out “fractionation” 
Others, at fist incompatible, would be 1ecrmited With per- 
ceptual development there would thus be a slow growth in the 
assembly, understanding by “growth” not necessarily an mcrease 
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in the numbei of constituent cells, but a change. How great 
the change would be there 1s no way of telling, but it is a 
change that may have importance for psychological problems 
when some of the phenomena of association are considered. 

Thus then 1s the statistical approach to the problem It 1s 
directly umplied that an “association” of two cells in the same 
region, or of two systems of cells, would vary, m the probability 
of uts occurrence, over a wide range If one chose such pans 
at random one would find some between which no association 
was possible, some m which association was promptly and easily 
established when the two were simultaneously active, and a 
large proportion making up a gradation from one of these ex- 
tremes to the other. The larger the system with a determmate 
general pattern of action, the more readily an association could 
be formed with another system On a statistical basis, the more 
points at which a chance anatomical convergence could occu, 
the greater the frequency of effective mterfacilitation between 
the two assemblies 

Psychologically, these 1deas mean (1) that there ıs a pro- 


loiged period of mtegration of the indrvidual perception, apait 
from associating the perception with anything else, (2) that an 
association between two perceptions 1s likely to be possible only 
after each one has mdependently been organized, o1 integiated; 
(8) that, even between two mtegiated perceptions, there may 
be a considerable variation m the ease with which association 
can occur. Fimally, (4) the apparent necessity of supposing 
that there would be a “growth,” or fractionation and iecruit- 
ment, m the cell-assembly undelymg peiception means that 
there might be significant differences m the properties of per- 
ception at different stages of mtegration One cannot guess 
how great the changes of growth would be, but it ıs concer- 


able, e even probable, that 1f one knew where to look for the evi- 


dence ce one would find ; maiked differences of identity m the per- 
ce eptions of chi of child and | adult 

The psychological apheaibns of my schematizing, as far as 
it has gone, have been made explicit m ordei to show briefly 
that they are not contrary to fact We are not used to thmkmg 
of a simple perception as slowly and pamfully learned, as the 


present chapter would suggest; but it has already been seen, in 
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the discussion of the vision of the congemtally blind after opera. 
tion, that ıt actually ıs The slowness of learnmg, and the fre. 
quent mstances of total failure to learn at all mm periods ag 
great as a year following operation (Senden, 1932), are extraor. 
dmary and meredible (:f it were not for the full confirmation by 
Riesen, 1947). The prmciples of learnmg to be found in psy. 
chological textbooks are derived from the behavior of the half. 
grown or adult animal Our ideas as to the readmess with 
which association 1s set up apply to the behavior of the devel. 
oped organism, as Bormg (1946) has noted, there 1s no evidence 
whatever to show that a similarly prompt association of separate 
perceptions can occur at burth—that st 1s mdependent of a slow 
process mm which the perceptions to be associated must first he 
integrated = 

“As to the wide range in difficulty of associatmg two ideas or 
perceptions, even for the adult, this 1s psychologically a matter 
of common experience Who has not had trouble remembermg, 
m spite of repeated efforts, the spellmg o pronunciation of some 
word, or the name of some acquamtance? The fact of the wn- 
equal difficulty of associations 1s not stessed in the hterature, 
probably because it does not ft mto conditioned-1eflex theory, 
but it ıs a fact. My speculations concerning the nature of the 
trace and the aborigmal development of perception thus ate 
not obviously opposed to the psychological evidence Further 
evaluation can be postponed until the speculations have been 
fully developed, 


5; Perception of a Complex: 
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The reader will remember that what we are aiming at here is 
the solution of a psychological problem To get psychological 
theory out of a difficult mpasse, one must find a way of recon- 
cling thee thmgs without recourse to ammuism, perceptual 
generalization, the stability of memory, and the imstabilities of 
attention As neurophysiology, this and the preceding chapter 
go beyond the bounds of useful speculation. They make too 
many steps of inference without expermental check As psy- 
chology, they are part of a preparation for experment, a search 
for order m a body of phenomena about which our ideas are 
confused and contradictory, and the psychological evidence does 
piovide some check on the inferences made here. 

Although this discussion ıs not anchored with sufficient neu- 
rophysiological evidence, it still has a compass. It 1s guided 
throughout by the necessity of conforming to the concrete evi- 
dence of behavior, and any virtue ıt may have deres from 
coordinating the two sources of information. The details of 
these two chapters, speculative as they are, have to be given 
fo. two reasons. 

Fust, competent psychologists have asserted that field or con- 
figuration theory is the only conceivable solution of the prob- 
lems of behavior The argument is stronger when a physiolo- 
gist such as Sherrmgton (1941), without benefit of field theory, 
can find no possible way of reducing “mmd”—which must be the 
control of behavior—to neural action. The argument ıs even 
strengthened by the vagueness of Hull’s teatment of percep- 
tion “afferent neural interaction” and generalization gradients 
have the smell of brimstone about them and, when they are 
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made specific, in neurological terms, may turn out to be only a 
new form of field theory (just as Pavlov’s waves of mlubition 
and excitation are field theory) Improbable as Kohler’s theory 
of electrical fields may be, hard as ıt may be to reconcile Lash- 
ley’s theory of mteiference patterns with the anatomical and 
clinical evidence, these writers still have a powerful argument 
for holdmg psychology to what I believe is a blind alley, so long 
as it 1emams tiue that an alteinative explanation cannot be 
elaborated ın enough detail to be conceivably an account of real 
processes. 

So one must speculate But there 1s a second reason for the 
form of the discussion m these two chapters In speculating, 
one can at least be specific enough so that, when further ana- 
tomical and physiological information is made available to the 
psychologist, the errors of earlier speculation such as this will 
be apparent at once, and the necessary changes clearly indr- 
cated, 

In this chapter, accordingly, the new foundation for associa- 
tion theory 1s to be completed The precedmg chapter dealt 
only with the effects of a smgle visual strmulus, with a constant 
retinal projection. We can next ask how the several effects of 
a vauable stumulation may be combmed, or associated. 


LINES AND ANGLES IN PERCEPTION 


It has already appeared that the comers of a 1ectilmear figure 
are of special importance m first vision The first crude per- 
ception of an object m the visual field as distinctive, as having 
identity, seems to be related to the sharp inflection of contours 
and the direction of line Senden describes the congenitally 
bhnd patient, after operation, as frequently not bemg able to 
distmguish (for example) square from circle; but when the dis- 
tinction 1s made, it is though a search for corners, apparently 
as foci in an otherwise amoiphous mass of light. There 1s also 
evidence of an immediate distinction between narrow stmps of 
ght, when one 1s vertical and one horzontal mm the visual field, 
Here agai the perception of identity m such objects 1s defec- 
tive, smce the patient ıs extremely slow to learn names fo the 
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two visual patterns, although he can name hourzontal and ver- 
tical at once by touch 

From Lashley’s experiments, ıt is also evident that lne and 
angle dominate the rat’s perception of patterns We may there- 
fore consider that these thmgs are among the elements from 
which more complex perceptions develop. “Perceptual element” 
ig meant to contrast sharply with the punctate sensory elements 
of classical association theoiy, on the one hand, and, on the 
other, the term does not ımply that the perception of Ime and 
angle is fully mnate There 1s a prolonged learning period be- 
fore these “elements” are promptly and cleaily perceived, either 
by rat or man. 

The evidence on this point concerning man 1s to be found m 
Senden’s (1932) compilation and has been cited earlier, some 
evidence follows which mdicates that the 1at also has to learn 
to see lmes distinctively. 

Eighteen rats reared m complete darkness (Hebb, 1987a) 
weie tramed, followmg Lashley’s procedure exactly, to discrimi- 
nate houzontal from vertical Imes. The only comparable data 
fo. normal animals are from Lashley (1988), who gives a mean 
of 21 trials for normal learnmg of this discuummation, The mean 
number of tuals for the rats reared m darkness was 129, sıx 
times as great, with a range from 40 to 190 These animals had 
been tamed first to jump to an open window, and then to dis- 
cnmmate black and white cards (as were Lashley’s animals) 
before bemg trained wrth the horizontal and vertical striations. 
In subsequent tests they behaved lke normal animals, showing 
that the slow o1igmal leainmg with striations was not due to 
structural defects. 

It is to be observed, m this expeiiment, that the range of 
leamimg scores overlapped the noimal range Some animals 
reared m darkness learned as quickly as some normally reared 
Also, m prelimmary experiments, two animals showed a prompt 
but not completely consistent disciimmation of horizontal and 
vertical Ime These facts fit with Senden’s, for human subjects, 
very closely, they mdicate that both iat and man have a nude 
immediate perception of a difference between the houzontal and 
vertical, but that the identity of these peiceptions is radically 
mpioved with experience. 


82 Perception of a Complex: The Phase Sequence 


It may not be necessary to seek far for a physiological under- 
standing of the primitive significance of lme and tbe shap in- 
flection of line. In ther stmulatmg statistical approach to the 
problem of visual acuity, Marshall and Talbot (1942) have dis- 
cussed a mechanism of summation at the borders of the projec- 
tion of a visual excitation m area 17. In the absence of other 
influence, the heightened activity comesponding to the magin 
of a figme might dommate the total process Walker and 
Weaver (1940) have shown a direct control of eyemovement by 
peripheral stimulation of the visual cortex The movement is in 
such a direction that the light source which produced such a 
peripheral activity would be fixated. In view of Walker and 
Weavers work, Marshall and Talbots discussion suggests that 
there would be a tendency to fixate, successıvely, various parts 
of the contour of an object Also, with the mtersection ot hnes 
there may be a further summation of the border effects, so that 
the foci of greatest activity aroused by a pattern in the visual 
field would conespond to its corners 

It ıs mportant to observe that the figure made up of straight 
Imes, mstead of imegular curves, has special physiological prop- 
erties When one pomt of a straight lme is fixated, every pomt 
to one side of the fixation tends to arouse exactly the same di- 
rection of eyemovement, and every point m the tme on the other 
side exactly the opposite direction. At times the two vectors 
may balance, but often they will not It follows that there 18 
a strong tendency for the eye to make a sweep along the hne, 
m one direction or the other, and, as the sweep ıs made, at the 
moment when a coner is reached the stimulation of the intei- 
secting line 1s at the maximum, smce at this moment every pomt 
m the second line has the same vector, for a new duection of 
eyemovement. It appeais fiom these considerations that the eye 
would tend to seek out the contours of a figure and follow them— 
nregulaily, and with reversals, ıt 1s true, and subject to disturb- 
ance by other events, but ıt seems that such a tendency must 
exist. 

It 1s also important to note that every movement of the eye 
m a single direction, for whatever reason, stimulates a “udge” 
of activity m area 17 corresponding to the projection of a straight 
line, wherever the visual field contains a pomt of light. Except 
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m the special case of a field consistmg of uniform parallel stria- 
tons, every change of fixation from one pomt to another means 
that rows of cells m area 17 aie excited together or left unexcited 
together. From the assumptions of the preceding chapter, the 
first visual learnmg would to a great extent be the mtegration 
of the effects, m the peristiiate region, of the action of such rows 
of cells m the striate region. This is a furthe: emphasis on the 
importance of straight lines m perception, and, as I have argued 
(m Chapter 3), makes 1t possible to assume, from such a con- 
stant and extended trammg, that the chazactezistics of adult 
tachistoscopic vision may be accounted for by a learning process 

Lanes ancl angles, then, can be treated as perceptual elements, 
not fully mnate m perception, but partly so, and likely to be 
learned before more complex patteins are. A very mcomplete 
analogy will serve here as a mnemonic device, to help keep m 
mind the different processes that ente1 mto perceptual leainmg 
If lime and angle are the bricks fiom which form perceptions 
are built, the primitive unity of the figure might be regarded as 
morta, and eyemovement as the hand of the builder The 
analogy ıs poor because the bricks contam mortar, they grow 
while they are being used, and the house may change beyond 
recognition as ıt is bemg built Nevertheless, two thmgs must 
be kept m mmd_ Fust, the primitive figure-giound 1elationship 
stressed by the Gestalt psychologists 1emaims of fundamental 
importance even though one recognizes that ıt 1s not the be-all 
and end-all of perception. Secondly, one may agree with Lash- 
ley and the Gestalt psychologists that motor activity m itself 
cannot possibly explain the o) ganization of perception and never- 
theless recognize that 1t has an essential role. Bricks alone are 
not enough for building, nor yet ıs mortar. 

A triangle then 1s a complex entity im perception, not primi- 
tive Asa whole, it becomes distinctive and recognizable only 
after a prolonged learnmg period m which there 1s a good deal 
of 1eceptor adjustment—head-and-eye movement—as the psycho- 
logical evidence of Chapte: 2 showed From the pomt of view 
we have now anived at, the difficulty of explammg the experi- 
mental facts of pattern equivalence has been gueatly reduced. 
Sumuilar triangles of unequal size, a solid and an outline tangle, 
even a sobd plam trangle and one cncumscribed with a circle 
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(Lashley, 1938b) contam a number of identical elements—lines 
and angles with the same orientation (For some readers, “iden- 
teal elements” will be an myitation to battle: let me say agam 
that these are not the sensory elements of the classical dispute ) 
It ıs of course still necessary to show how these elements, the 
parts of the figuie, are mtegiated m peiception. This I shall try 
to do next, taking an example that 1s as simple as possible The 
present schema of perception and peiceptual leainmg deals only 
with the case m which changes of visual fixation and some loco- 
motion occur freely The problem 1s to show how the vanable 
stimulation which results from such movements can have a 
single effect, the perception of a smgle, detexmmate pattern, 


MOVEMENTS DURING PERCEPTUAL INTEGRATION 


In the perception of a triangle, there are thiee nodal points in 
the pattern on which fixation would be made iepeatedly A 
single fixation point was assumed im discussmg perceptual nte- 
gration in the last chapter. Let us next try to elaborate the 
schema to provide explicitly for movement of the eyes, and for 
those movements of the whole animal that produce vanations m 
the swe of the retmal projection of the stimulatmg pattern 

The account of neural integration now needs to be elaboiated 
m three respects (1) The activity m the penistiate, temporal, 
and other association areas of the cortex, that 1s aroused by 
fixation on any one of the three corners of the tuangle ABC 
(figure 11), is always accompanied by motor piocesses which 
control the changes of fixation to the other corners (2) Because 
of these changes, the integration of activity m area 18 and be- 
yond occurs without constant conditions of excitation m area 17. 
when for example B 1s fixated, which cells will be excited in 18 
is determmed m part by the precedimg activity m 18, and this 
varies accordimg to whether the piecedmg fixation was on A or 
on C, (3) Fmally, each of the three retmal patterns produced 
by fixation on the corners of the triangle 1s itself variable, with 
different distances of the ammal from the stimulus object. 

To show as simply as possible what these thiee points involve, 
suppose now that an animal sees a tangle 1epeatedly, havmg 
had no previous visual experience and havig no other stmmula- 
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tio at the same time. Disregard any changes of background 
activity in the biain, apart from those mduced by the changes 
of fixation mentioned, and, as a final simplification, treat the 
three angles A, B, and C of figure II as the only perceptual ele- 
ments involved: that is, disiega:d fixation on the sides of the 
trangle, and the perception of the lines as distmctive entities, 
The thee changes to be made 
m the schema now can be dealt C 
with one by one. 

], Furst, the concomitant mo- 
tor excitation with fixation on 


A, as 1epresented im figme 11, yy 


B and C falling outside the mac- 


ula field, the pe1zpheral stimu- a a 
lation of B and C excites two Yj 
motor 1esponses simultaneously. Wa 


The excitation may of couise be 
sublimmal, particulaily at the Ficurr 11 The mangle ABG is 


seen with fixation on the pomt A 
fast moment of fixation on A, The macular field ıs represented hy 


since a fixation often endures for the hatched circle, so that the 
an appieciable trme The sela- pomts B and C fall m penpheral 
te strengths of the motor com- vis10n Arrows represent the dnec- 


nts of the excitation aroused tion and strength of eyemovement 
Peer nee ° tendencies aroused by the stimula- 


by B and C can be supposed to tion from B and C 

be the same, statistically, as 

shown by the vectois (the length of the airows) m the figure 
At any one moment, variations of excitability would make one 
dommant ove: the other, but one can suppose that on the aver- 
age they are equal. Looking at A would be followed by looking 
at B about as often as G. 

In the normal adult animal, at least, the control of the duec- 
ton and extent of eyemovement ts accurate withm quite narrow 
lmıts and does not work through a senes ot gross approxima- 
tions, This means that the nemal activity leading to the motor 
centers, before an eyemovement begins, is determinate, and 
specific to the locus of the peupheral stimulus, Fixation on A, 
then, has two effects: one “central” (ic, the arousal of specific 
cells im the peustiiate and temporal 1egions, without a duect 
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motor significance), and one primarily motor (ie, the arousal 
of specific fibers m a pathway that 1s not known but which 
originates in the visual cortex and which presumably mvolves 
the frontal eyefields [Clak and Lashley, 1947]). 

These two effects, central and motor, correspond roughly to 
a dichotomy of the total excitation m area 17. The central 
effects are mamly determined by the part of the excitation fall- 
ing in the macular zone, where acuity 1s greatest and the motor 
components least, the moto effects, by the pe1pheral part of the 
excitation, wheie acuity 1s poor, the ratio of coitical cells to de- 
grees of visual angle least, and the motor limen lowest (Walker 
and Weaver, 1940). 

If the cells ın area 18 and beyond which ave aroused by fixa- 
tion on A are designated by the letter a, the composition of a 
is determmed by the whole tuangle, but the angle A has a dis- 
proportionately great mnfluence because it falls m the field of 
central vision, Mullameter to: millimeter, the part of the tangle 
which falls on the macula excites more cortical cells Thus the 
main determmant of the central effect of fixatmg A 1s the angle 
A itself, rather than B 01 C We shall also find that this influ- 
ence of A m organizing the nemwal stiuctuie a must be finther 
increased xf the triangle is seen at a variable distance, but it is 
important to remember that a 1s defined oitgmally as made up 
of the cells m the association areas of the cortex that ae actı- 
vated, not by A alone, but by the whole triangle when fixation is 
on A 

In the same notation, b and ¢ are aroused by fixation on B 
and C_ The distinction of a fiom b is a distinction of the exci- 
tations aroused with two 1etmal projections of the same figure 
In brief, the angle A 1s the main deterxmmant of the structure a, 
but not the only one, while B and C, when A 1s fixated, are the 
main determinants of the subsequent motor 1esponse 

As the integration of a, b, and c proceeds, repeated fixation on 
the three corners of the triangle slowly establishes three diffuse, 
uregular cell-assemblies (Chapter 4), each of which 1s capable 
of actmg momentarily as a closed system As this goes on, the 
activity of each structme would at all stages of its development 
be accompanied by two specific motor excitations Activity in a 
occurs in the constant presence of a lminal or sublimmal exci- 
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tation tending to move the eyes to the nght (fixating B, figure 
11) or upwards and to the nght (fixatmg C), Fiom the assump- 
tions of the preceding chapter, this means some mutual facilita- 
tion between a and the motor activity m question Psycho- 
logically, m the particular ]umited conditions of the schema, per- 
ception of the triangle with fixation at one corner would mvolve 
a set to look at one of the other two corners (facilitation by a 
of the motor responses, strengthening the motor facilitation fiom 
B and C), and a sensorily aroused change of fixation from A 
to B would pioduce an expectancy of seemg the tuangle with 
fixation at B (facilitation trom the motor activity, arousimg or 
remforcing activity in b).* 

2, The second pomt (on which the schema as it appeared m 


* That 1s, when the anımal looks at B after looking at A, the assembly b 
1s excited m two ways centrally, by the facilitation from @ and from the 
motor activity, and sensorily, by B itself In these cucumsiances, the two 
facihtations would just about comeide m time “Expectancy” implies that 
the central facilitation definitely precedes the sensory, so ıt would be better 
to speak here of attention (central remforcement of a sensory process) 
But the same process 1s called expectancy when the sensory remforcement 
is delayed 

The later chapters will consider the mteraction of sensory and cental 
facilitations, and the disturbing effect on behavior when they conflict or 
when an expectancy fails to get sensory remforcement In a thoroughly 
familar environment, the two faciltations would be synchionrzed, mainly 
because of the motor links ın the central “phase sequence” discussed in the 
following pages The facihtatıon of a ıs equally on b and on c, so a might 
arouse either one But the cortical motor achvity that results m loolang 
from A to B ıs specific to b, and the anmal will not “expect” to see the 
pomt C 

None of these relationships can be so precise outside of this schema, but 
the prmcples can hold Central and sensory processes will stay more or 
less ın synchrony m a familiar environment, both because of the motor links 
im the central sequence, and because the facilitation of a perception X will 
not be specific to another particular perception Y unless X was mvanably 
followed by Y m past experience—the sight of an unsupported object, and 
the sound of a crash But a sequence of visual sensations wluch 1s not 
organized by one’s own eyemovements can be very disturbing to behavior, 
as the occasional case of seasickness at the movies shows Again, the sight 
of a large body of calm water 1s not disturbmg m a strange Jandscape, 
where one’s expectancies are not specific, but would be very much so if it 
followed a movement of the head and eyes toward a place where one had 
always seen dry land These pomts are developed further m Chapter 7 
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the last chapter must be modified) has to do with an mterfer- 
ence between the supiasensory effects of fixation on duferent 
points m the stimulating pattern 

It was proposed that the cells which are excited in area 18, by 
the first visual stemulation, a1e determmed by chance anatomical 
convergences, Those which are active when the angle A is 
looked at must, on a statistical basis, mclude some winch are 
active when B or C is looked at The number of convergences 
in common would also be increased by any overlap im the retinal 
projections of a figure Consequently, when A and B, or B and 
C, are looked at in close succession, there must be an fluence 
of the one activity, m the peristriate region, on the next When 
B is looked at, some cells m 18 will be active 1f A was looked 
at just before, but not 1f C was, others mhibited, or refractory, 
followmg a look at A In the early stages of the visual develop- 
ment, there must be an interaction between a, b, and c, which 
in this schema amounts to an mterference In the ordinary 
course of perceptual learnmg, evidently, where the eyes are first 
opened on the complications of an o1dmary room without the 
artificial limits of the schema, the amount of mterference be- 
tween the fist perceptual activities must be much greater * 
The mterference has to be fully recognized here xf the schema 
is to have any theoretical value later. 

Such an interference, 1t seems, can occur only in the first 
stages of perceptual development and would disappear later 
It is important to recognize it, however, smce it affects the 
course that mtegiation takes In terms of the notation used 
above, the organization of the structure a (excited by fixation on 
A) must proceed mamly in cell groups (effective units of trans- 
mission) which are reliably excited whenever fixation is on A, 
whether B or C, or neither, had been fixated just before I have 


* And the resultant generalization of perception will be greater also In 
this schematizmg, the conditions of visual learmng have been simplified to 
an absurd degree, but the ideas that emerge fiom it can be applied to be- 
havior in more natural crrcumstances The mmhal mterference between the 
three primary visual habits epitomizes a relationshyp between a much larger 
number of habits m real perceptual development The larger number of 
habits means that each one will be more an abstraction, Jess a perception 
of a particular angle (or hne) in a particular setting 
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emphasized that there must be fractionation and recrurtment, or 
growth, as the mdividual closed cell-assembly becomes physio- 
logically organized When the growth occurs in a variable back- 
ground of visual strmulation, those cells which are affected by 
the vanability would not be consistently active at each repeti- 
tion of the specific stimulus which excites the assembly, and 
therefore would not be part of it In other words, as growth 
proceeds in a, b, and c, fractionation would elimmate elements 
that are active only when a certain fixation has preceded, and 
those which are mactive followmg any particular fixation Ac- 
tivity m @ can therefore occur independently of b or c, once the 
integration of these assemblies 1s complete. 

In general terms, what has just been discussed 1s the case in 
which sensory events recur m random order m a short time 
mterval, as one must suppose visual fixations to do The alterna- 
tive is a fixed sequence of sensory events, which of course also 
happens ın normal perceptual development The diference þe- 
tween the two cases 1s mstructive 

Usmg the same notation, let us consider for a moment what 
would be the result of looking at A, B, and C always in the same 
order, (A is now a “signal” for B, and B for C, but this is not 
an analogue of the conditioned reflex m the hypothetical con- 
ditions of the schema, B occurs only followmg A; mn the classical 
conditioning procedure, B 1s an event such as feeding which 
follows A, the conditioned stimulus, but which also occurs at 
other times ) With a fixed oxder of stimulation, activity m the 
assembly b occms always m the same setting, the after-effects 
of activity m a The structure b therefore would include 
transmission units whose activity is especially facilitated by a, 
whereas, when stimulation occws at random, b must be made 
up of units that are independent of the preceding activity. 
Also, when activity in a, b, and c occurs always ın that order, 
no reverberation mn a can be expected to coexıst and be mde- 
pendent of activity m b, but must fuse wıth ıt. Any reverbera- 
tory after-effects which arc not extmguished by the changed 
sensory influx are constantly present duimg the physiological 
integration of b and could not be distinct from it. 

When fixation is at random among A, B, and C, however, we 
have seen that fractionation would tend from the first to keep 
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the structures a, b, and ¢ distinct, and make activity in b pos- 
sible without preceding facilitation from a. This leaves the pos- 
sibility that the three assemblies, once mtegrated, could still 
develop the mterfaciitation that 1s discussed below, while the 
thee are dependent in the sense that one can be active apait 
from another, or that two may be active at the same time 

8 The third pomt, on which the schema as it was developed 
in the Jast chapter 1s to be elaborated, concerns the effect of a 
variable distance of the animal fiom the stumulus object The 
result must be an increased importance of the part of the pat- 
tern which falls m the field of central vision 

When an animal Jooks at any pait of a rectilmear pattern 
while moving toward it, the excitation aroused by the part 
looked at, falling m central vision, remaims constant The iest 
of the excitation, m the peripheral field, varres steadily, If the 
point of fixation 1s, say, the midpomt of one of the sides of the 
figure, the locus of the retmal piojection of that line does not 
change, except to be extended at each end If an angle of a 
tangle is fixated, as in figure 11, the projection of two lines 
and ther mtersection m the macula 1s unchanged as the animal 
moves closer to the figure, the thid Ime, and the two remaming 
intersections, move farther and farther toward the perphery of 
the visual field 

The rat ın the Lashley jumpmg stand, learnmg to discrimmate 
a square from a triangle, does not see the figures at a constant 
distance The retmal angular extent might vary by 50 per cent 
The variability 1s very much greater m a Yerkes box, where the 
animal runs toward, or may back away from, a door on which 
the stumulus figure ıs placed Now, using the same notation, in 
the composition of the assembly a (the o1ganized structnre m 
the association areas of the bam which 1s aroused by looking 
at the pomt A in figure 11), the influence of the angle A, rela- 
tive to B and C, becomes even greate The two lmes and ther 
intersection, fixated at a vai1able distance, have a constant effect, 
the other two mtersections have a variable effect and do not 
repeatedly excite the same cells m area 18 In the growth of 
a, b, and c, fractionation would elizmmate most of the cells 
whose excitation is due to the extramacular part of the figure 
This excitation would of course always coexist with the activity 
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of the organized assemblies, but it would remam unorganized 
The organized activity would have to be determmed by the 
macular excilation, which, with appropriate fixation, 1s constant 
despite a vanable angular size of the stimulus object This con- 
clusion is clearly significant in understanding stimulus equiva- 
lence, as demonstrated by a rat’s choice of a large triangle after 
leaning to choose a small one 


THE SPATIAL HYPOTHESIS AND PERCEPTION OF THE 
REMOTE ENVIRONMENT 


My discussion is already getting pretty far from the actual 
known facts of newal function If ıt ıs not to become fantasy, 
it must at least stick close, at every pomt, to the facts of be- 
havior Hee I digress for a moment to consider a gioup of 
facts that are well known but have not been explamed They 
serve as a check on the present theorizing 

The preceding discussion implies that a vaiiable stimulation 
from the same stimulus object would 1etaid the 1ate at which 
the subject could learn to perceive 1t de novo Some of the dis- 
cussion has suggested that differences of size, in terms of retinal 
angle, might not greatly affect leainmg, but differences of pat- 
tern, as an uregular object 1s seen from different duections, 
would be more important Each giossly different pattern of 
stimulation, as the object is seen from one side or anothei, 1e- 
quires the establishment of a separate set of cell-assemblies 
I can anticipate the discussion of the following section, and add 
that when this happens the vaiious sets of assemblies would 
giadually acquue an mnterfacilitation—if sight of the object from 
one angle ıs often followed by sight of it from another Arous- 
ing one set would then mean arousing the others, and essentially 
the same total activity would be aroused im each case 

Each perception would thus mvolve a conceptual activity (an 
activity, 2€, not directly contiolled by sensory processes) 
There is plenty of evidence m children’s diawmgs, and in adult 
errors in perspective diawing, to show that a person looking at 
an object thinks he sees more of it than he does What he 
knows about the object appeais m his drawmg, as well as what 
is visible at the moment, and the significant fact is that neither 
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child nor adult can usually say where lis drawmg departs from 
what ıs actually presented to the sense organ 

An object seen from various aspects, then, requmes a more 
complex learnmg process for 1ts 1ecognition than one seen always 
from the same direction and the same distance Such leaning 
should take longer, and, if we assume that a smaller number of 
cortical cells means a gieater limitation to the numbe1 of assem- 
blies that can be set up as separately functioning systems, learn- 
ing to recognize a vauiably stimulating object should be harder 
for lower animals than recognizing a constant object. 

Now it happens that the visual activity of lower species is 
dommated by the perception of place This tuns out experi- 
mentally to mean a dommance of cues from 1emote objects m- 
stead of near ones, and remote objects provide the most stable 
and constant stimulation of the anmal’s environment 

In discrimmation tiaining, the “position habit,” which Kie- 
chevsky (1932) has called a “spatial hypothesis,” is a constant 
nuisance m animal experrments The method of trammg is to 
offer a choice of two alleys, or doors or windows, one of which 
leads the animal to food, He is also given a sign as to which 
one contams the food. the correct door has a black card on 1t, 
or a cucle, say, the wrong one has a white card or a square 
Food, and the sign of food, are sometimes on the 1ght, some- 
trmes on the left. But what the rat, dog, or chimpanzee persist- 
ently tries to find out 1s somethmg different He wants to know 
whether food 1s always on the nght, or always on the left, or 
perhaps, m desperation, whether it alternates, once right, once 
left, and so on He wants nothing of the rarefied mtellectual 
problem of the signs the expermmenter has put on the doors, 
it 1s only afte: repeated discouragement of the position habit— 
the attempt to find the food m some one place—that one can get 
him to learn anythmg else 

It has sometimes been supposed that this 1s a visual lack, or 
that the vision of lower animals is dommated by other senses 
But this mterpretation is not mght, for two reasons Furst, the 
position habit is just as annoymg when one 1s trymg to get blind 
animals to discrimmate tactual cues (Smith, 1939) or auditory 
ones (Pennington, 1988). Secondly, the perception of place 
itself 1s visual, as much as kmesthetic or tactual When visual 
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cues from the distant envuonment are available, they dominate 
behavior So the dile:ence betwcen lower and higher species ıs 
that the lower species 1s more dommated by the least variable 
of the environmental stimulation, not that vision m general has 
less mfluence. 

Thıs can be demonstrated stnkmgly ın the 1at The rat ıs first 
accustomed to feeding on a bare table. He ıs then taught to 
run across the table, from a fixed startmg point, to a food dish 
that 1s always m the same place on the opposite side of the 
table The table 1s then rotated though 90°, but nothing else 
is changed the rat ıs dropped at the same place on the table, 
with the food stil opposite him. He runs at least once to the 
side of the table where the food used to be, with respect to the 
room, although nerther food nor food dish is there now. 

If one changes the method slightly, the dommance of room 
cues as agamst table cues becomes clearer Put four small 
shields on the table, one m the middle of each edge Mark the 
one that contams food by pamtmg it white and making 1t luger 
than the others ‘Tram the rat first to rum to that one only, by 
putting no food in the others Then 1otate the table though 
90°, and put food m all four shields The rat will choose, not 
the plamly marked shield he was taught to go to, but the un- 
marked shield which, after rotation, now occupies the place in 
the room that the food used to occupy (Hebb, 1988a, 1938b) 

A still more strikmg demonstration has been mentioned by 
Lashley (1938b) and furthe: mvestigated by several students of 
Queen’s Univeisity (Hebb and Wilhams, 1941, and further un- 
published expe1iments) Teach a iat to jump from a small 
platform to another one near by The second platform ıs just 
lage enough for him to land on safely, and holds food. After 
he has made ten jumps, move the second platform through 90° 
The rat hesıtates, shows disturbance, but finally jumps—into 
space, in the forme: dnection of food 

A final demonstration that visual cues are controlling the re- 
sponse can be made in a small cabmet, 6 by 6 feet squaie and 
6 feet high, m a buildmg quiet enough to provide no auditory 
cues to direction. Each wall 1s identical with the others, and 
each contams a door The ceiling 1s homogeneous One door 
is opened only, and a thm curtam is hung over it to admit light 
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without allowmg the animal to see outside Now the rat 1s 
agam taught to jump from one platform to another, m this 
cabmet. When he has learned to jump, the door that was 
opened 1s closed, and one m the next wall, at a 90° angle, 1s 
opened, and screened as before. Nothmg is changed but the 
more distant visual cues of the door, the nearby platform 1e- 
mams as it was, but the rat now jumps out into space, at a 90° 
angle fiom his goal 

Why? And why 1s the pos:tion habit so persistent? The an- 
swer seems to be that the animal mamly perceives, and responds 
to, the least-variable objects mm his environment, which aie the 
ones at the greatest distance, 

The stimulation received from any object varies with the ani- 
mal’s movements, but there are important differences that de- 
pend on the distance of that object. When the animal turns 
round, excitation 1s changed cqually from near and far objects, 
but not when he moves from one place to another. Changes of 
position affect retmal locus, extent, and mtensity only slightly 
when the stimulus ıs remote, very greatly when ıt ıs near, Even 
with body ıotatıon, the ordeı m which nearby objects are seen 
has no constancy, unless the anmal always turns at piecisely 
the same pomt But the order m which distant objects are seen 
is the same, no matter where the animal is m the expermental 
apparatus 

It seems therefore to be tue that, the more constant the 
stimulation from an object 1s, the more readily it will be iden- 
tified and 1 esponded to, as the schema of these chapteis 1equues 
This is relevant also to the fact that as one goes up the phylo- 
genetic scale one finds an creasing tendency toward visual dis- 
crimination of objects, without special hammg The rat shows 
no sign of distmguishmg between persons, or between met 
objects visually presented, the dog often distmguishes a number 
of objects by vision, and probably a few persons, the chim- 
panzee is very selective m his behavior toward a gieat many 
objects, and is clearly able to distinguish a laige number of 
persons (whom he sees often) from shangers 

The fact therefore ıs that perception of the mtumsic visual 
properties of a near o1 movable object is a less primitive and 
more difficult feat than perception of its place. This too 1s rele- 
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vant to the fact that spatial delayed response 1s obtained easily 
in monkey and chimpanzee, nonspatial only with the greatest 
difficulty (Riesen and Nissen, 1942) 

My account in these pages evidently has a long way to go 
before the generalized human concept of a triangle, or any othe: 
figure or object, 1s provided for, but it 1s essential to remember 
that the rats perception 1s also a long way 1emoved from 
man’s, He does not recognize the trangle he was tamed to 
recognize if it 1s 10tated by 60°, nor a black trangle on a white 
ground after learnmg a white one on a black giound. He has, 
in fact, some considerable difficulty in seemg the difference be- 
tween a trangle and a square when then base-limes are iden- 
tical. Normal man can iecognize simple iegular figmes at a 
single glance, but it 1s very unlikely that a iat does. When 
some change m the tiaining figure 1s made, such as making it 
larger, the rat’s behavior ıs cleaily disturbed, while man might 
be quite unaware of the change, and the rat often discirmmates 
only part of as simple a figure as a triangle 

None of these differences between 1at and man 1s accounted 
for in cunent theoiles of perception The critic of the account 
of perception that 1s offered here is likely to find it distasteful 
because 1t implies that with hmited visual expelience perception 
would be little generalized. Clinical and experimental evidence, 
however, does not support the objection but shows that the 
characteristic human perception of a triangle ıs the product of 
a long experience. Thus the schema agrees with fact on this 
pomt and in addition has the advantage of suggesting, at least, 
why the perception of place and dnection 15 so prominent m 
animal behavior 


THE DEVELOPMENT OF SUPERORDINATE 
PERCEPTIONS 


We can now turn to the question of an integiation of the sev- 
eral paits of a figue mto a distinctive whole, as contiasted with 
the amorphous whole that 1s perceived in first vision. 

The most direct way of accounting foi the supe1ordimate mte- 
gration is as follows, as long as this 1s still recognized as fi ankly 
schematic Activity m the assembly a, aroused by fixation on 


‘ 
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an angle A of a triangle, can occu: mdependently of b or c. 
When A, B, and C are looked at successively, m any order, but 
in a shont period of time, activity may continue by 1everbeiation 
m two of the structures while the thiid ıs sensory aroused 
Just such a series of fixations would be the 1esult of the behavior 
described by Senden, as the congenitally blind patient after 
operation learns to count the corners of a square or triangle and 
becomes quicker and quicke: at domg so before he leains to 
recognize the figue at one glance In these cucumstances, 
conceivably, there is a fiequent occurrence of activity m the 
three assemblies a, b, and c at the same time. These le mter- 
laced wıth each other m what ıs grossly the same tissue of the 
cerebrum, and according to the assumptions of the last chapter 
the srmultaneous activity would result m an integration of the 
three systems, 

It ıs perhaps necessary to remmd the reader that the thes 
systems do he m the same tissue, although two of the sensory 
excitations concemed are unilateral, one mm one strate area ex- 
clusively, one in the other All such suprasensory systems must 
develop im parallel, in both hemispheres The purely sensory 
activity, up to and mcludmg area 17, ıs unilateral when the 
stimulatmg diagram falls wholly to one side of the fixation pomt. 
But when area 18 1s strychnimized, it fires nto the contualateral 
18 as well as into the rpsilateral 19 and 20 (von Bonm, Garol, 
and McCulloch, 1942). The suprasensory mtegration muitiated 
by a unilateral sensory event must be bilateral and consist of 
two halves, m the two hemispheres Each half has the same 
functional significance—that 1s, it mediates the same perception 
and facilitates the same 1esponses—even apait from a coordinat- 
ing action of the corpus callosum and other cerebral commis- 
sures (though the development of the contralateral half depends 
on the commussures), This 1s evidently relevant to the clinical 
and experimental reports of shght effects from damage to the 
callosum (Bridgman and Smith, 1945), or failure to find an effect 
of unilateral extirpation of association areas, but it 1s important 
for the present as showmg that the assemblies a (excited by a 
figure which falls wholly ın the nght homonymous visual field) 
and b (arismg from the left visual field) are structures which 
must develop m the same gross tissues of the brain. 
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According to the assumptions made earlier, simultaneous ac- 
tivity in a, b, and ¢ would establish facilitation between them, 
through then chance anatomical mterconnections and the en- 
largement of synaptic knobs An effective facilrtation from one 
system on anothe: means a change of frequency characteristics 
in the system receiving the facilitation It therefore means some 
fiactionation and recruitment in the constituent units (p 76). 
With three extensive systems mvolved, each facilttatmg action 
in the other two, these giowth changes must be consideiable 
The resultmg superordinate system must be essentially a new 
one, by no means a sum or hookmg together of a, b, and c In- 
stead of abe, which might suggest such an idea, a better nota- 
tion for the new stiucture 1s ¢ the assembly of cells whose ac- 
tivity, m the schema, ıs perception of the triangle as a distme- 
tive whole As Gestalt writers would say, this 1s something other 
than the sum of rts parts, but, unlike Gestalé theoiy, the schema 
derives the distinctiveness of the whole from perception of the 
parts. 

Now for the defects m such a formulation Supposing that 
the general idea 1s night, 1t 1s still unlikely that the synthesis of 
t fom 4, b, and c would be made as a single step, however 
giadual <A smgle step would depend on simultaneous activily 
im three systems and so requues a frequent fixation of the three 
corners of the triangle m quick succession. Looking at two of 
the cones only would not contribute to the imtegration 

A much more plausible idea is that one o1 more mtermediate 
stages would occu, such as an mtegiation of a with b before 
that of “ab” with ¢ (ab is used foi bievity, though it 1s mislead- 
mg m the same way as abc m the precedmg paragraph) This 
would call for simultaneous activity ın only two systems at a 
tme. I mention ab as the fist stage, rather than ac, because 
the horizontal lme (AB, mm figure 11) seems of fundamental 
importance m human perception, and certamly 1s so foi the 1at 
m the usual conditions of testmg The peiception of lmes as 
distinctive entities has been disiegarded im this schema, m order 
to avoid a cumbious and unwieldy discussion, but as we have 
seen the peiception of limes 1s piimutive, as the perception of 
angles o1 coineis is, and a tuangle has six instead of the thee 
perceptual elements dealt with by the schema. This would 


98 Perception of a Complex: The Phase Sequence 


make probable the occurrence of seveial intermediate stages 
between the perception of “elements” only, and perception of a 
distinctive total figure 

The argument up to this pomt can be summarized m general 
terms. Reasons have been given for believing (1) that fixation 
on each of the several puts of a figure would have an incieas- 
ingly determmate effect, as arousmg one specific stiucture; (2) 
that these structures, each corresponding to a frequently made 
fixation, are anatomically diffuse and mterlaced with one another 
in the same gross cerebral tissue, and (8) that the several ac- 
tivities may coexist, and be aroused m any order It ıs a reason- 
able ference (4) that two of these determmate actions simul- 
taneously would have a determmate effect, tending to excite spe- 
crfic transmission units, and that the action of these units would 
tend to organize m the same way that the earlie: established 
systems were organized, Actiwity in a superoidinate stiucture 
(in this case, £) is then best defined as being whatever deter- 
minate, orgamzed activity results from repeated actwwity in the 
earlier-developed or subordinate structures giving tse to 1 (in 
this case, a, b, and c, or “ab” and c, assuming two steps m de- 
velopment, and that a and b are first mtegiated) 


THE PHASE SEQUENCE IN PERCEPTION 


Next, let us consider the temporal relationship of actıvity m 
these various structures. Durmg the development of the assem- 
bhes a, b, and c, arousal of a as we have seen 1s accompanied 
by two moto activities Of these, one always becomes hmmal 
(producmg a change of fixation) before b or c¢ 1s sensorily 
aroused The sequence of events can be schematized as 


a—b-c—b-a—c-a—b—a- 
and soon Each of these events 1s associated with two specific 


motor excitations One of them at least ıs sublimmal, and one 


becomes limmal as an event mte1vening between a and b, for 
example, or between c and a 


This “ideational” series with its motor elements I piopose to 
call a “phase sequence” 


When the assembly ¢ has become orgamzed, the psychological 
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evidence indicates that its activity mtervenes between the ac- 
tivities of the subordinate assemblies a, b, and c and does not 
supersede them, The sequence now becomes something lke 
this 

a—b-t—a—c—t—c-t_b- 


Such complication of a simple perception has mmportant con- 
sequences for theorizing The reader is briefly reminded of the 
reasons for thinking that perception of a simple pattern 1s not a 
single lasting state, termmated by an external event, but a se- 
quence of states or processes The congenitally blind patient 
after operation at first sees any figuie as an amorphous mass, but 
may be able with effort to count ıts corners, the perception 1s 
then alternately of the whole and of its parts. As the figure 
becomes a distinctive whole, there is still the same fluctuation 
of the figure-ground relationship—attention directed now to the 
whole, now to ıts pats This ıs a phenomenon which as a matter 
of common observation 1s always present in perception (and m 
a “concept,” as one thmks about an object), as Chapter 2 
showed, although the fact is not recognized in curient discus- 
sions of the figure-ground relationship Exactly the same soit 
of thmg is implied by Lashley’s mference that the rat succes- 
sively isolates (1@, sees as figure) various parts of a unified pat- 
tern before making a response 

In terms of the schema, the alternate perception of whole and 
parts 1s an alternation of activity among a, b, c, and t, with cor- 
responding directions of fixation (except foi the entity t, which 
is accompanied by no dete:mmate eyemovement, since the 
average values of the six eyemovement vectois associated with 
the three part perceptions of the tangle add up to zero, but 
also fluctuate fiom moment to moment, then resultant would 
fluctuate in dnection and amount, and would produce neithe 
a fixation of gaze nor any predictable change of fixation) 

It follows that the mtegration of t, the basis of petceiving a 
distinctive total figure, essentially mvolves a sequence of co1- 
tical events with motor components Activity in a facilitates the 
arousal of both b and c, with the appropiate mtervening eye- 
movement, and activity ın b or e facilitates the arousal of a m 
the same way. Whethe: b o1 c 1s aroused followmg a would 
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depend on the momentary conditions of excitability. Activity 
in a would also facilitate that mt. In the early stages of per- 
ceptual development, ¢ might be excited only after repeated ac- 
tivations of a, b, and c, but later (with the extensive develop- 
ment of synaptic knobs m the system and the consequent m- 
crease m the strength of facilitation) might be aroused follow- 
ing sensory actrvation of a alone, so that the tnangle would be 
recognized with a single glance at A (figme 11). But the ac- 
tivity so aroused must be transient, as we have seen, perception 
of the whole as such ıs momentary, and alternates wìth percep- 
tion of the various parts. Instead of an mdefinıitely prolonged 
reverberation, mterrupted only by some event outside the system, 
excitation m one of the assemblies a, b, c, and t is an unstable 
equilibrum which moves ieadily mto another phase 

The schema that has been developed 1equires only that re- 
verbe1ation contmue im one of these structures long enough so 
that temporal overlap can occur. The psychological evidence 
remforces the idea, based on the physiological evidence, that 
reverberation 1s short-lived: if the duration of an idea, or a per- 
ception, 1s the duiation of ieverberatory activity in a closed 
system, one can say that the pattern of activity 1arely lasts 
without change foi as long asa second The stability of a per- 
ception 1s not im a single persistent pattern of cerebral activity 
but in the tendency of the phases of an uregular cycle to 1ecur 
at short intervals 

It will be proposed in the following chapte: that the tiam of 
thought 1s also a “phase sequence” of the same kind, but more 
extended, consisting of a series of phase cycles The piesent dis- 
cussion, besides dealing with perception, 1s also meant to lay a 
groundwork for dealing with the temporally organızed processes 
of thmking. 


THEORETICAL PROPERTIES OF THE SCHEMA 


With this we are done schematizing, It 1emams to ask what 
theoretical significance the schema has, and how rts ideas are to 
be applied to the development of behavio. m normal cucum- 
stances 


Actually, all the rest of this monograph 1s devoted to answer- 
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mg the questions, but ıt will be worth while first to strike a 
tual balance and see what has been accomplished already. 
The mam conceptions used m the followmg chapters have now 
been developed The relationship of the schema to the follow- 
img chapters will be more easily kept m mimd by making its 
psychological 1eference more explicit. 

Within limits imposed by the needs of exposition, a concep- 
tual system has been elaborated which relates the md:vidual 
nerve cell to psychological phenomena A biidge has been 
thiown across the gieat gap between the details of neuo- 
physiology and the molar conceptions of psychology The 
budge is definitely shaky m the muddle, but ıt ıs well buttressed 
at each end, and we have a psychological biidgehead which 
can be widened and which aheady meludes some stiategic 
pomts. In other words, the schema has some theoretical value 
alieady It shows, more or less explicitly, how it 1s possible: 
(1) to conceive of a conjoined action of the piimuitive figuie- 
giound mechanism, eyemovement, and leainmg (specifically de- 
fined synaptic changes), m the development of simple petcep- 
tions, (2) to provide for an action of set, attention, or expect- 
ancy, also defined physiologically, m the perceptual process, and 
(8) to provide at the same time for Gestalt completion, simi- 
larity, generalization, and abstraction—these, with attention also, 
bemg essentially different aspects of the same process and closely 
related to association itself. 

I. The mterrelationships of eyemovement, figune-ground seg- 
regation, and learning are explicit m the schema. Perception 
depends on learnmg first to see the paits of an object clearly, a 
process mvolymg a seuies of visual fixations, and proceeds fiom 
seeing, at fist, an amorphous mass contaimmg several foci (the 
corners), to seemg a distinctive figuie at a glance Even at this 
final stage we know that perception of the whole is dependent 
on eyemovements for maximal claiity (Chapte: 2) Accordmg 
to the schema, the perception is constituted by a temporal se- 
quence of activity ım suprasensory (or association-aiea) stiuc- 
tures, which owe their orgamization to changes at the synapse 
it is an inmegular cycle of recuz1mg events which can continue 
momentarily without the corresponding sensory stimulations, but 
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which is remforced by them and by the appropiate eye- 
movements. 

2 References to set, attention, and expectancy were made in 
developing the schema, which can be more precise here The 
term “attention” 1s ambiguous m the literature, and has several 
meanings: it may 1efe: (a) to the state or end 1esult of attend- 
ing—the subjective clarity of what 1s attended to, or the neces- 
sary receptor adjustment; (b) to the selectivity of the process, 
(c) to the hypothetical agency o1 process which produces the 
selectivity, and (d) to various properties of “mind” which ap- 
parently cannot be defined or understood. It ıs m the third 
sense (c) that the term is used here, and in the schema atten- 
tion may be defined as a central facilitation of a perceptual ac- 
tivity So used, “attention” has exactly the same meanmg as a 
“perceptual set,” a process which makes one thmg seen more 
ieadily than another When this facilttation 1s effective m ad- 
vance of the coiresponding sensory process, expectancy 1s said 
to occur. 

In the notation of this chaptei, activity m the cell-assembly 
a facilitates an arousal of the assemblies b and c, as well as 
facilttatmg two motor responses, to fixate B or C (pomts of the 
triangle ABC, figure 11). In one way or another, this facilta- 
tion has inherent in it the notions of association (the whole 
schema makes this explicit), attention, and expectancy Activity 
m b may be aroused in two ways sensorily, by looking at B, or 
centrally, by the “association of ideas” When B 1s looked at 
just after A, activity m b 1s aroused in both ways, and the cen- 
thal facilitation, fiom a, 1s an mstance of attention a central 
1emforcement of a particular sensory event. 

This wlustration of the physiological meaning of attention 1s 
complete logically but is not patticularly effective, smce it does 
not make the selectivity of the piocess explicit. Our hypo- 
thetical animal has not been allowed to see a variety of patterns 
as yet, among which selectivity could operate, but this will be 
clearer ın a moment, in discussmg abstaction Simularly, an 
eyemovement fiom A to B may be a1oused m two ways by the 
sensory stimulation fiom B, o1 by the facilitation from a on the 
motor system Here the selectivity of the central facilitation is 
more evident. Eyemovements may be made from A to B or 
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from A to C, and which of these is made evidently depends 
often on central events We have seen that the relative strength 
of the two motor faculitations fiom a@ fluctuates from moment to 
moment, when one becomes lmmal—that is, becomes decisive m 
deteaxmming which eyemovement 1s made—the selectivity of the 
“motor set” is illustrated 

8 Suppose now that our hypothetical animal, afte: thorough 
habituation to his hmited environment (“lumited” puts it mildly, 


cC 
(C) 
A B 
A B 
Frcure 12 The triangle of Ficurz 18 The tangle of 
figure 11, lacking its apex figure 11, circumscribed by 
a circle 


since he was permitted no expeiience except to see a single tri- 
angle, at vaiying distances but always with the same angle of 
regard)—suppose that the anımal ıs now tested wth the two 
patterns 1epiesented ın figures 12 and 13 Let him fist see 
figure 12, a triangle such as he 1s used to, but with apex missing. 
What neural processes will result, according to the schema? 
Fixation near the top of the figure will have no organized 
effect (remembe: that the schema distegarded peiception of 
Imes as distinctive entities, discussmg the inteisection of Imes 
only). If the anmal looks at A and B, however, the assemblies 
a and b are excited, with facilitation on each othei, on c, and 
ont A momentary excitation m t, a perception of the whole 
triangle, is then possible. Here is an mstance of Gestalt com- 
pletion, but derived as an associative process, with no field forces 
operating According to the schema, it could happen only with 
a simple and thoroughly familia: figure (or thoroughly familiar 
part of a complex and unfamiliar figure), which agiees with the 


104 Perception of a Complex The Phase Sequence 


expermental facts. It 1s evident that such a completion be- 
comes a sumple corollary of association, once we can provide fo 
a perception of parts without denymg the unity of the whole 

So too are similauty, abstraction, and generalization. Given 
peiception of the vaiious paits or properties of a pattern, sepa- 
rately, and the possibility of an association of these perceptions 
with a peiception of the whole we have given at once the 
possibility of a smgle response to two patterns which differ in 
their total properties but which have a piopeity or properties 
m common ‘This of course 1s not new. What ıs new m the 
schema ıs showmg how, conceivably, perception of part and of 
whole can be 1elated to each other and to the nerve cell, and 
to changes at the synapse. An immediate dividend 1s the pos- 
sibility of clealy stating, m physiological terms, the meaning of 
words like abstraction or similarity which are necessary to de- 
scribe behavior but which have had, to say the least, a touch 
of mystery about them. 

When the animal whose perceptual processes have been 
schematized looks at the pomt C m figuie 18, at the apex of the 
familiar triangle, the mteisection of the two straight lines pro- 
duces an organized neural activity, plus an unoigamized one due 
to the unfamiliar presence of the circumsciibmg cucle In the 
notation of the schema, c 1s a1oused, but also a new and 1andom 
activity of cells m area 18 and beyond. To interpret the effect 
of the random firmg m 18 we must fall back on the statistical 
ideas of the last chapter The number of convergences of this 
new activity on the orgamzed cell-structure c would vary fiom 
animal to animal, since it is a chance matter, and in any one 
animal, fiom moment to moment, with vauations of excitability 
in the mdividual unit of tansmission Accordingly, the organ- 
ized activity m the assembly ¢ would sometrmes be disrupted, 
sometimes not So with activities of a and b, when the other 
corneis of the tuangle are fixated. 

When the organized activity does ocem, the triangle 1s “rec- 
ognized”—the sumilarity of the figure to the familar plam tre 
angle (figure 11) is perceived, the animal has abstracted from 
the total complex, and generalization of perception has occurred 
Here too the selectivity of attention ıs more evident once c ıs 
aroused, a fixation ammediately afterward on A will be more 
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likely to arouse the organized activity of a—the sensory effect 
of the triangle 1s selectively 1emforced by the facilitation from 
c, that of the cncle is not 

The pmpose of this schema has been to atiive at conceptions 
that will be as near physiological fact as possible and that wil 
enable us to deal with the ceiebial control of behavior and its 
temporal mtegration From this pomt onward, it is assumed 
that some such structure as the cell-assembly 1s established as 
the result of 1epeatmg any particular fhmg combmation in an 
afferent system, and that assemblies mteract ın some such way 
as that proposed ın the schema. 

What follows is an attempt to generalize the ideas that have 
been developed in these two chapters (4 and 5), 1athe: than an 
attempt at rigorous explanation by means of the assumptions 
that have already been made. Two implications of those as- 
sumptions, however, may be made explicit, since they broaden 
the appheability of the schematizmg to 1eal problems. 

l. The different properties of a smgle sensory cvent may have 
separate central effects This can be conceived of as follows 
The imfant’s hand making contact with two or thiee objects m 
succession may receive from them stimulations which differ ex- 
cept m one respect, such as the degree of pressure on the skm 
as the hand closes In the schematizing, there was only one 
stimulatmg object m the environment, m the environment of an 
actual mfant, stimulation mvolves a number of objects and a 
cumulative effect of stimulation would be established most 
promptly by the property that several of these objects have in 
common Such a consideration makes abstraction fundamental 
m the first learnmg, thus, m the context of one group of stimu- 
latmg objects, a metal bar on the crib might contribute only to 
the development of the perception of hardness, but, while con- 
tact ıs bomg made mtermittently with another set of objects, 
the same bar might contribute to the peiception of (tactual) 
roundness. 

2 Another aspect of sensory processes can be taken account 
of, m tbe temporal sequence of stimulating conditions. The 
problem of the perception of black in the visual field, for 
example, comes from the fact that this 1s not a static perception 
determined only by an absence of hght m part of the visual 
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field, but 1s transient and requires temporal as well as spatial 
contrast for the full effect, A frequently repeated condition m 
the optic system ıs a decline of activity up to and including the 
lateral geniculate, Durmg such a declne, and determmed by 
it, there may he a predictable and selective activity m areas 17 
and 18, by cells which are not active m the same combmation 
durng equilibration or durmg an merease of intensity The re- 
peated actwity of such a particular group of cells would develop 
an assembly whose activity would be the perception of black, 

Tn general, then, whenever a change of stimulation produces 
a transient but selective activity (that 1s, m certam cells only), 
in the sensory projection areas or m the neghborme association 
aea, the necessary conditons are provided for the formation of 
a cell-assembly Such assembles would be the basis for per- 
ceiving contasts, and the relative properties of stimulation of 
colder, larger, gher in pitch, and so on. By the very cond- 
tions determmmg then occurrence, such perceptions must be 
transient and hnief but may nonetheless be defimte and distme- 
tive for the peniod of then duration, 


G Development 
of the Learmng Capacity 


In the schema of perception, moto: leainmg got a foot inside 
the door through the emphasis on eyemovements These move- 
ments were treated as having a vatiable relationship to sensa- 
tion They may be clicited (1) directly, by stimulation of the 
peupheral retma, (2) less directly, by a foveal stumulus that 
arouses an assembly action, this m turn facilitatmg eyemove- 
ment, or (8) stil less directly, through a phase sequence, o1 suc- 
cession of assembly actions The stimulus may arouse assembly 
a, a then arousing c, at which pomt the moto: limen may be 
low enough so that the activity of c results m overt eyemove- 
ment. 

This epitomizes the treatment to be made of motor learning 
The behavioral evidence shows a considerable variation m the 
directness of sensou-moto1 contiol, Some iesponses have, at 
matuuity, all the properties of a 1eflex and yet are known to be 
learned. Otheis 1emam quite unpredictable fiom a knowledge 
of the stumulus alone, they are, that 1s, determmed by an intet- 
play of sensory stimulation and the autonomous activity ot the 
cerebrum (set) 

We must remember both kmds of leaanmg: the set-influenced 
and the non-set-mfluenced The reaction agaist eaily switch- 
boad theory and connections, and the curent dogma that 
leainmg occurs only with special conditions of motivation, have 
both tended to diaw attention away fiom a kind of leainmg 
that, once established, is little affected by set and does not 
seem to need remforcement 

Tn the adult ammmal the eyeblmk to a rapidly approaching 
object, for example, 1s practically m the class of a spmal reflex, 

107 


108 Development of the Learning Capacity 


Unhke the learned response studied in the usual experimental 
appioach, it ıs extremely resistant to extinction, and to distrac- 
tion (“external inhibition”), and, m human subjects, very hard 
to change by verbal preparation, Yet Riesen (1947) has shown 
that it ıs m fact a learned 1esponse It 1s absent at the twen- 
teth month in the chimpanzee reared m darkness, but then 
appears slowly with visual experience, and ıt ıs found at about 
thee months in the normally reared anımal. Such learning 
must be thought of as depending essentially on sensorimotor 
connections The connections aie presumably not from specufic 
receptors to specific effectors, but they must be 1athe: dnect 
between afferent and efferent systems, smce the response 1s with- 
out important mfluence from the autonomous central piocess 
(set, attention, or the lhke).* 

The responses that have this propeity, however, appear to be 
acquired early, They are by no means a paradigm of learnmg 
m general 

At another extreme are those learned acts of the half-grown 
or full-grown animal that we call both learned and “voluntary” 
(a term that will be defined later) They are completely sub- 
ject to extmction, and no matter how thoroughly learned they 
remain completely a function of set and dnve. There 1s no pos- 
sibility of direct sensori-moto: connections here, to understand 
such behavior, and such learnmeg, we shall first have to under- 
stand the oiganization of the controllimg cortical activity 

It 1s implied that the nature of the learnmg process changes 
significantly with development, and the application of the ideas 
of the schema of perception to the real behavior observed n an 
experiment will best be seen mm considermg first the changes of 
the learnmg capacity with growth, 


* Which means that the learned eyeblink may be about as close as mam- 
mahan learmng ever gets to settmg up S-R (stymulus-response) connec- 
tions The expermmental criterion of such a response 1s dual its independ- 
ence from set and attention, and its resistance to extinction m Pavlov’s 
sense Ths comes down essentially to a single theoretical cuitetton the 
predictability of the response to a particular stimulation, m any circum- 
stances, as long as no othe: physically mcompatible response 15 aroused at 
the same tme This is what sensovi-motor connections mply But when 
a response is predictable only m the experimental apparatus, or following 
verbal preparation, we are dealmg with another class of behavior 
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It was possible to be specific about a hypothetical perceptual 
learnmg as ıt ıs not possible about the motor learnmg of the 
mature animal. Perception 1s fumly tacked down to known 
stimulatmg conditions, 1ts antecedents can be discovered Motor 
learnmg at maturity, however, is conditioned by all the un- 
knowns of cortical action But with the schema as a starting 
pomt, and considermg some pioperties of behavior that are often 
overlooked, it will be possible to set up a tentative account of 
learnmg at maturity. 


THE RELATION OF EARLY TO LATER LEARNING 


In this section I shall brmg together the behavioral evidence 
on the relationship between learning m mfancy and that of the 
nomal adult animal, before returning m the next section to the 
question of neural mechanisms. 

It is proposed that the characte1istics of learnmg undergo an 
important change as the animal grows, particularly m the hıgher 
mammals, that all leainmg tends to utilize and build on any 
eailer learnmg, instead of replacmg it (Mowrer, 1941), so that 
much early learnmg tends to be permanent (Tinbergen, 1942; 
Hunt, 1941), and, finally, that the learnmg of the mature animal 
owes its efficiency to the slow and meflicient leainmg that has 
gone befo.e, but may also be Iumited and canalized by ıt 

THE GENERAL PROPOSITION It 1s of course a truism that learn- 
mmg is often mfluenced by earlier learnmg. Innumerable experi- 
ments have shown such a “transfer of tammg” Learning A 
may be speeded up, hindeied, or qualitatively changed by hav- 
mg learned B before The question for debate is how great the 
effect may be in general behavioral development (as distinct 
from the effect of some one specrfic habit on some other) and 
what theoretical use ıs to be made of ıt. 

McGeoch,* for example, has said: 


After small amounts of learnmg early in the life of the md:idual, 


every mstance of lea.ning 1s a function of the already leaned orgam- 
zation of the subject, that ıs, all learnmg is mfluenced by transfer - + 


* The psychology of human learnmg, copyright Longmans, Green & Co., 
Inc, 1942, pp 445-446 By permission of the publishers 


110 Development of the Learning Capacity 


The learnmg of complex, abstract, meanmgful mateials and the 
solution of problems by means of ideas (1easoning) aie to a great 
extent functions of transfer Whee the subject “sees mto” the funda- 
mental relations of a problem o1 has msight, tansfer seems to be a 
major contubuting condition, It 1s, lkewise, a basic factor m ongi- 
nality, the o1ginal and creative person having, among other things, 
unusual sensitivity to the apphicabilhty of the aleady known to new 
problem situations Peiceiving, at whatever level, 1s probably never 
free of its influence, and there 1s no complex psychological event 
which 1s not a function of it. 


Those are strong words, and I propose that they must be 
taken literally—as presumably they were meant to be taken. 
Unless we are to regard them as just a lip service to logic and 
the known facts of behavior, they must mfluence general psy- 
chological theory piofoundly If the learning we know and can 
study, m the mature animal, is heavily loaded with transfer 
effects, what aie the properties of the origmal learnmg from 
which those effects came? How can it be possible even to con- 
sider makmg a theory of learnmg in general from the data of 
maturity only? There must be a serous risk that what seems to 
be leaining is really half transfer We cannot assume that we 
know what learning transfeis and what does not for our knowl- 
edge of the extent of transfer 1s also derived from behavior at 
maturity, and the transfer fom nfant experiences may be much 
greater and more genezalized 

An example, in itself important for the theory of learnmg, will 
also show the dangers of generalızmg from adult to ınfant be- 
havior with regard to transfer A student once pomted out to 
me that James’ famous expe1mment on memonization begged the 
question. James wanted to see if practice m memouization 
would meiease the ability to memoize He found it did not, 
and later writers have found the same thing As a result, it has 
been concluded that practice per se has little or no transfer 
value, without instruction as to better methods of leaanmg But 
all this 1s done with adults who have had long practice already, 
and the student pomted out that the transfer effects must have 
been complete before the experiments began, and could not be 
demonstrated by the method used James (1910) used Inghly 
educated adult subjects, Woodrow (1927) college sophomores. 
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What would have been the 1esult with subjects who had done 
no memorization before? We do not know, but it 1s certainly 
quite illogical to conclude that undirected practice has no trans- 
fer value because we find no evidence of it where there 1s no 
reason for expecting 1t Above all, ıt would be dlogical to con- 
clude from this sort of evidence that the mcidental leainmg of 
mfancy has a negligible effect on late: learnmg 

It has alieady been emphasized that perception 1s affected by 
past experience (Gibson, 1929, Carmichael, Hogan, and Walter, 
1932, Leeper, 1935, Zangwill, 1987, Kiechevsky, 1938) What is 
learned ıs m terms of what 1s perceived what ıs not perceived 
can hardly be remembered Koffka (1935) has emphasized that 
patteins may be seen and 1emembered by the arousal of “older 
trace systems”, Woodworth (1938) says that all percerving 1s 
“schema with conection,” that is, m terms of earher perceptual 
habits How do these habits get established ın the first place? 
What are the properties of the learnmg that sets up the “olde: 
trace systems,” of learning m tts fist stages, before there aie any 
eather habits to help xt along? These questions cannot be com- 
pletely answered at piesent, but even the skimpy evidence we 
have ıs enough to 1eorient the whole problem of learnmg 

THE FIRST LEARNING OF PRIMATES IS EXTREMELY SLOW, AND 
VERY DIFFERENT FROM THAT AT MATURITY There are two kinds 
of learnmg One 1s that of the newboin mfant, o the visual 
learnmg of the adult reared in darkness or with congenital 
cataract, the other that of the normal adult I have repeatedly 
cited the behavio1 of the patient born blind and given his sight 
after motor (and speech) development was well along, to show 
that the first leainimg 1s extiemely inefficient as far as detectable 
effects on behavio1 are concerned, despite the completion of 
physical maturation (Senden, 1932). Here ıt ıs referred to 
once more, partly to show that the early mefficiency ıs not due 
to poor motivation and paitly to make a comparison of man 
with othe: species. 

Senden reports a serious disturbance of motrvation, apparently 
in all cases, at one stage of learnmg But this cannot be the 
mam cause of the slowness of learning, for two 1easons 

1 Motivation is not disturbed m the first stage, immediately 
upon beginnmg to use the eyes At first there ıs a penod of 
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delight, particularly ın colors, and apparently a complete pre- 
occupation with the new experience 

Before long, the patient finds out how hard it is to get an 
effective use of pattern vision, The “crisis” of motivation then 
ensues Until that pomt there 1s interest and application, things 
that are easy to leain are learned and not forgotten, color names 
are readily remembered, but it takes a long apprenticeshyp be- 
fore any useful or demonstrable learnmg occurs m pattern 
vision. 

Learning 1s evidently gomg on in this period, as long as the pa- 
tent contmues to keep his eyes open and makes any effort, but 
rt can hardly be demonstrated except in the later mecrease of 
efficiency. 

2, The second reason for denying that poor motivation ex- 
plains the poor learnmg of man, m his fist visual experience, 
comes fiom the observations of Riesen (1947), His chimpan- 
zees, 1eared m darkness, were certamly motivated both by 
hunger, and by their stiong drive to find and clmg tightly to an 
attendant, when they were out of thew lvmg cages Yet there 
was no sign that exther hunger or the desne to cling had taught 
them, m 40 to 50 hours’ visual experience, how to disciimimate 
the white-clad attendant from any other part of the environ- 
ment Astomshing as ıt was, the chmpanzees appeared to be 
completely avisual at this stage of the experiment 

Moreover, in further tests, a stiong electe shock failed mm a 
dozen tnals to set up any avoidance whatever of a large, dis- 
tinctive stimulus object. After a single trial, normal animals of 
the same age and in similar circumstances showed violent avoid- 
ance of the object with such pamiul properties In the slow- 
ness of then first visual learning, man and chimpanzee are in 
the same class The human slowness 1s not due to defects of 
motivation, but pomts to some fundamental property of the 
learning process in primates. 

RELATIONSHIP OF LEARNING TO PHYLOGENESIS The conclusion 
that the first leantng differs radically from the later needs one 
most important qualification. the difference depends on phylo- 
genetic level. 

The evidence so far has been for the higher primates only. 
It was shown ın an earher chapter that trammg m pattern 
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vision 1s slower foi the rat reared in darkness than for normal 
rats, but the difference 1s not nearly as great as for chimpanzee 
o. man. The rat reared m daikness 1s capable of a selective 
visual discxummation, definitely leaned, afte: a total visual 
experience of less than 15 mmutes (Hebb, 1937a, pp 118-115). 
He requues six times as many tuals as the normal to learn a 
discuumination of horizontal fom vertical stripes, and twice as 
many for e1ect veisus verted triangles, but withm an hour or 
so his behavio. cannot be distinguished from that of normal 
ammals As we have seen, the coirespondimg time for primates 
is a matter of weeks or months 

There are no comparable data for other species, but some 
msect behavio1 suggests strongly that the fist learnmg of the 
imvertebrate 1s still quicker, and much prompte: m reachmg full 
efficiency than the rat’s What leaning abulity there 1s seems 
to appear full-blown, with little or no apprenticeship needed. 
The bee fo. example on first emergmg from a completely dark 
hive flies off and 1s able to find the entiance to the hive again 
We know also that findmg the hive depends on vision. The be- 
havior indicates that the msect’s learnmg starts out, from the 
very first, at the mature level of efficiency (Much that we 
attubute to mstmct, because no prolonged learning is evident, 
might thus be due to learnmg that needs only a few seconds for 
ts completion The associations that aie formed may be only 
certam ones to which the nervous system 1s especially adapted 
[Tmbergen, 1942, p. 82] heredıty would still have an over- 
mastering ımportance, but leainmg may nevertheless be essen- 
tial to some apparently instinctive acts ) 

As we go up the phylogenetic scale, then, we find m mature 
animals an incieasing ability to learn complex relationships, but 
also, surprismgly, a slower and slower 1ate of leainmg in mfancy 

This does not refer merely to the fact that highe: animals 
have a longer period of physical maturation We have always 
known that a rat grows up, and develops whatever capacities 
the adult rat has, m three months—or a dog m six months, 
whereas a chimpanzee takes ten years, and a man twenty years 
We have thought, I suppose (if the question ever came up at 
all), that this longer pe1iod of behavioral development meant 
only that maturation takes longer in the pimmate, and that with 
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less mstinct he has more to learn But the clmıcal and experi- 
mental evidence points to an additional factor Given a really 
new and unfamiliar set of sensations to be associated with motor 
responses, selectively, the first defimte and clearcut associahon 
appears soone: m rat than in man, and apparently sooner m the 
insect than in the zat. 

We commonly regard quick learnmg as the main distmction 
of higher species, and m certam conditions this ıs true Normal 
man can glance once at a face and remember it for years, The 
chimpanzee Brmba was piicked once with a lancet and never 
again would permit it to be brought near her—but with no 
avoidance of other objects of the same size or roughly the same 
proportions * This is something completely outside the rat's 
scope We think of st as intelligent learnmg, and are prone to 
regard it as an mnate property of the pimate bram It cannot 
be innate, however, as Riesen’s evidence shows So also with 
the ability to remember faces Mimer’s (1905) patient, descitbed 
as exceptionally imtelligent despite hei congenital cataiact, two 
years after operation had leaned to recognize only four or five 
faces and m daily conferences with two persons for a month did 
not learn to recognize them by vision. The human baby takes 
sıx months, the chimpanzee fom months, before making a clear 
distinction visually between friend and enemy Evidently, this 
is a period of learnmg as well as of maturation not just a matter 
of waitmg until certam neuzal structures are fully grown, with 
learning then at a typical adult 1ate. 

There have been, m general, two schools of thought concern- 
mg the rate of learnmg, The configurationists, stressmg the 
importance of msight, have been inclined to hold that lea:ning 
occurs as a smgle jump, an all-or-none affair pioceeding by 
disciete steps (“noncontinuity theory”), ther opponents, that 


* Pr Glen Fimch diary of Bumba, Yerkes Laboratories of Primate Biol- 
ogy, 1940 It 1s relevant here, m discussing the nature of learnmg im higher 
species, to add a 1eference also to the remarkable learning capacity of 
rhesus monkeys that Harlow (Psychol. Rev , 1949, 56, 51-65) has demon- 
strated ın a long seres of experments Harlow’s whole argument, showing 
how the learning capacity may be changed out of all recognition by pro- 


longed expenence, is a powerful remforcement of the position adopted in 
these pages 
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learnmg is graded m amount, built up steadily by small incre- 
ments, and typically dependent of any special factor of msight 
(“continuity theory”). 

But it 1s rmpossible to avoid the conclusion that both types 
of leaunmg occur, and that one ıs characteristic of the mature 
animal, the other mamly of the mfant. There is msightful, 
single-trial, all-o.-none learnmg—im the mature animal, but never 
im the mfant of a higher: species Thee is a slow-mcrement 
learning m the mfant, m which no trace of msight whatever can 
be found, and m the mature animal also when he has been 
reared in darkness and 1s learnmg to use vision It 1s reasonable 
to suppose in general that, the less familar the situation or the 
task to be performed, the more important slow-inciement learn- 
mg becomes But it seems also that few situations can be set 
up m which there 1s nothmg fama, so that it would be very 
hard to find an mstance of learnmg ın the mature anımal m 
which there is not some effect of msight 

We are now 1m a position to define the relationship of the 
learnmg capacity to phylogenetic level There is no evidence 
to support the idea that learnmg ım general is faster in ngher 
species—even at maturity In the infant, the evidence 1s con- 
clusive that the 1ate of the first leainmg is slowest ın the highest 
species, quite apart fiom slowness of maturation The distinc- 
tive characteuistic of learnmg m higher species 1s the ability to 
handle complex relationships, and handle them as quickly as 
lower species can handle simpler ones, Man can learn to un- 
fasten a latch quicker than the chimpanzee, the chimpanzee 
quicke1 than a rat, but, if we take the learnmg at which each 
species 1s most efficient, there 1s no good evidence that one 1s 
faster than another 

Lashley (1929b) has made this point effectively After dəs- 
cussing an expermment by Pechstem m which rats and human 
subjects learned mazes of identical pattern, and m which the 
rats showed to rather good advantage—m one iespect their 
scores were better than those of the human subyects—Lashley 
goes on to pomt out that with simple enough habits lower spe- 
cies and the feeblemmded learn about as fast as normal man, 
Such habits are not retarded, in rate of formation, by extensive 
bram damage There is also reason to thmk that mmediate 
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meidental memory occurs m lower species, and Lashley con- 
cludes: “The compazatiye study of leaning m different animals 
gives little evidence that evolution has brought any change in 
the rate of formation of the simpler habits On the othe: hand, 
there 1s a famly consistent mse m the mits of tammg and m 
the formation of complex habits with ascent m the phylogenetic 
scale ” 

In summary, then, the phylogenetic changes m the learnmg 
capacity are as follows (1) moie complex relationships can be 
learned by higher species at matuitty, (2) simple 1elationships 
are learned about as promptly by lower as by higher species, 
and (8) the first learnmg 1s slower m Inghe: than m lower 
species 

CONCEPTUAL DEVELOPMENT AS THE BASIS OF LEARNING Finally, 
before tuning to the question of nemal mechanisms, I want to 
bring together some of the behavioral evidence that throws light 
on how the leainmg capacity changes with growth In general, 
it 1s a conceptual development, 1ather than the elaboration of 
a number of specific motor responses. Perceptual o1ganization 
1s also mvolved, but percept and concept ae intimately related, 
and the term “conceptual development” will do to cover both. 

The best single illustration of how one set of experiences can 
facilitate the fo.mation of a new habit, mvolvmg a new stimulus 
and a new response, is one that has already been given: m 
learnmg to distmguish chimpanzee faces and remember them 
(or of course the old example of the westeiner’s difficulty in 
recognizing a particular Chmese face, before he has seen many 
Chinese). Learning to name Pan, Jack, Frank, Don, and so on, 
makes one later able to name a new chimpanzee, Balt, much 
more quickly, The exposure to a number of mdividuals sets up 
some soit of conceptual type, from which mdividual deviations 
become very noticeable 

This soit of facilitation in learnmg seems quite general, par- 
tuculaily im what can be called mtelligent (as distinct from 
rote) learning, with meaningful material That such a facilita- 
tion affects intelligence-test scores was the only interpretation 
that seemed possible of certam aspects of behavior followmg 
bram myury, or m old age (Hebb, 1942a) In a later chapter 
I shall present evidence showmg that the behavim of the blind 
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rat ıs permanently changed by earlier visual experiences Jack- 
son (1942) and Buch (1945) have mdependently shown an 
influence of experience on the insight of young chimpanzees. 
Buch has made it clear that this does not ieduce msight to 1ote 
learnmg (thus Kohlen’s classification of behavio1 retaims its 
value), and yet msight depends on the earlier experience 

How then does the eailie: experience work? In the very first 
stages, to yadge from Ruesen’s expermment and the matenal 
biought togethe: by Senden, 1t operates to establish the per- 
ceptual elements discussed m Chapte: 5. These ate the entities 
that make up more complex perceptions Organizing such ele- 
ments m the varous sense modes would lay the foundation of 
all later responses to the environment Secondly, there is a 
period of establishmg simple associations, and with them con- 
ceptual sequences—the period m which meanmg first begins to 
appear. Finally, the leaanmg characteristic of the mature animal 
makes sts appearance. 

This later learning 1s essentially conceptual. Even in the rat, 
maze leaning requues the notion of the stimulus as actmg to 
arouse conceptual activities, which in tun contol motor activity 
(Lashley, 1944, Tryon, 1989) In man the conceptual activity 
has an even greate: and moie obvious 10le. There have been 
a number of attempts ın psychology to treat language theoreti- 
cally as a collection of conditioned reflexes, specific stimulations 
duectly controllmg specific responses But consider such pecult- 
arities of human Jearnmg as the followmg 

Certam features of the development of language ın small chil- 
dren are vey mstructrve. Wiauth opposites such as up-down, 
back-fiont (of a house), an-out, or left-right, a very mterestmg 
confusion can be observed m some childien at about the age of 
two to four yeais (Some doubt about left and mght, of course, 
is often seen m adults, while other opposites, such as hot-cold, 
or black-white, never seem to give any paiticular trouble ) The 
confusion of zp 1s only with its opposite and never with “m” or 
“pack” This means that the woid has first acquned an asso- 
ciation with a definite, lumited set of conceptual coordinates 
The confusion, when it is observed, may last fo. months In 
this pernod the word up has its prompt, clearcut association 
with the vertical dimension, but no association with a particular 
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motor act such as raismg the hands or lookmg upward at sky 
or ceilng With such facts, ıt becomes nonsense to explaim 
man’s conceptual development as exclusively consisting of 
verbal associations. 

The relationship of (a) stimulus, (b) central activity o1 con- 
cept, and (c) motor response 1s clearest m the notorious difli- 
culty of choosing between left and right, to be observed by any- 
one who tres to teach twelve-year-old children to “right turn” 
promptly on command Here we have a definite auditory 
stimulus, the word right, and a definite moto: act to be asso- 
ciated with t One might expect the association to be imme- 
diate, or at the very least to be set up as a conditioned reflex 
m a few trials—the more so smce the child has had some such 
trammg smce infancy But we know that this does not happen, 
the discrimmation ıs certamly much harder to make than that 
of up and down, and this in turn harder than black and white. 
The child can very readily leain at the age of three that “nght” 
and “left” each refers to a side of the body—but ah me, which 
oneP 

Here, in the discrimmation of right and left, is the real 
paradigm of adult learnmg What ıs set up first ıs a conceptual 
organization By the age of six the word “ight” clearly and 
immediately means sidedness to the child A considerable con- 
ceptual elaboration has already occurred, and the stimulus effec- 
tively arouses that structure; but ıt arouses no prompt, spectrfic 
response The response may come later, but for long 1t 1emains 
vacillatmg and unpredictable 

Consider agam the role of analogy m human thought, and 
the figures of speech that betray ıt even m scientific wok The 
pons and island and aqueduct of cerebral anatomy, the wave of 
sound and cycle of sunspots m physics and meteorology, the 
rise of the blood-sugar level, and the limen of stmulation in 
physiology—all these are as enlightenmg, concerning the nature 
of learnmg and intelligence, as the child’s confusion of left and 
right Such figures of speech are at the very least an aid to 
memory, even when ıt has a totally new reference, the familar 
teim 1s more easily recalled than a neologism Using it 1s 
therefore more than an economy of language. The underlying 
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analogy with somethmg known already is an economy of thought 
as well, an economy of effort im learnmg and undeistanding. 

This fact 1s at the least surprismg, smce exactness of meaning 
as essential to scientific thought, and smce the laws of learnmg 
as we know them would suggest that there must be a consider- 
able mterference between the old meanmg and the new one 
given to a familiar term That ıs, there should be mterference 
unless terminology corresponds to thought and the new concept 
as only a modification of the old 

The worker m the laboratory does not merely report and ex- 
pound by the aid of analogy, that 1s how he thmks, also The 
atom was once a hard little round particle, o1 later one with 
hooks on ıt Recently ıt was a sola system The classical dis- 
pute of physıcs about the nature of light was really asking, Is 
lgbt lke a shower of pebbles, or hke 1þpples m a bathtub? 
The ultmate answer, Both, was one that was hard to accept 
Why? Because it fitted into no pre-existing conceptions, waves 
are waves, and pebbles are pebbles—theie 1s nothmg m common 
experience that has the properties of both We know well that 
scientific thought travels by short steps, the individual thmker 
never gets much m advance of his fellows, and his ideas are 
born of existing ideas A new conception, hke Woodworth’s 
“schema with correction,” must be manly composed of eailier 
ones, New learnmg is facilitated by old 

But, as the history of the theory of hght suggests, 1t may be 
limited o1 canalized as well I have used the analogy of an 
apprenticeship, m visual learnmg Now an apprenticeshrp m 
one trade may help ın another, but not as much as the one di- 
rectly studied It ıs not just any learning that tacılıtates any 
other leainmg at matuntty. 

Nissen, Machover, and Kinder (1935), for example, have 
shown how the visual learnmg of childhood may be selective m 
its later effects West African natives made low scores on form 
boards, m an intelligence test In this sort of test the subject 1s 
asked to fit a series of wooden blocks with simple geometrical 
shapes into holes with the same shapes, as fast as he can In 
conversation, Dr Nissen has made the point that the low scores 
were not due to slowness of movement, but to a slowness in 
identifying shapes—a slowness of perception. 
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At the same time, he found himself just as mferiot m seeing 
things m the bush that seemed completely obvious to the na- 
tve Suppose now that a native and a city-dwelling scientist 
were shown the trail of a new animal m the same habnttat. 
though it 1s stange to both, which would remember it better, 
and be able to 1ecognize it on a second occasionP What a na- 
tive could leain from a text on geometry, or what one of us 
could learn about followmg a trail, must be far more a function 
of pre-existent leainmg than of the mherited pioperties of our 
respective brains 

It ıs of course a commonplace that the experiences of child- 
hood have a permanent effect on one’s attıtudes, mterests, and 
even abilities. Lorenz (cited by Tinbergen, 1942) has demon- 
strated the effect expermentally m buds. With mammals, 
everyone knows that tamimg ıs easiest m mfancy, with a lasting 
effect The gun-shy dog, conversely, is an example of a lasting 
failure of emotional adaptation: though the disturbance need 
not be set up m mfancy, it does demonstiate an mtiactable 
effect of a fist experience Hunt (1941) has shown an effect 
of early hunger on later hoaidmg by the rat As to abilities or 
intelligence, it 1s now generally accepted that 1aces and peoples 
cannot be compared in hereditary endowment, smee low scores 
may be due to cultural background. That the level of problem- 
solving at maturity, then, may be permanently mfluenced by 
childhood experience 1s an accepted psychological prmople, 
despite a certam inconsistency of the theorists who thmk that 
the Negro’s low IQ is to be explamed so, but seem to have for- 
gotten that the poor whites may be m the same class 

To this pomt we shall ieturn, m discussmg the nature of in- 
telligence Here I have attempted to define the general rela- 
tionship of first learnmg to later learnıng, in terms ol the be- 
havioial evidence Let us now turn to the physiological proc- 
esses that must expla the relationship as well as the peculiari- 
ties of primary o1 aborigmal learnmg 


THE STAGE OF PRIMARY LEARNING 


Among others, the preceding discussion has 1a1sed the pioblem 
of explaimmg the greater mefficiency of ealy learnmg in higher 
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species. To deal with it, we can return to the schema of per- 
ception and repair a deliberate omission The schema made 
almost no mention of the spontaneous firmg of the association 
areas of the cerebral cortex. Taking this mto account, a ques- 
tion 1s raised that has really wide significance. For the moment, 
it can be put m this fom In what circumstances can one sup- 
pose that a stimulus will have the same central effects on two 
different occasions, so that cumulative leaning 1s possible? 

It has aheady been said that an afferent excitation does not 
arouse mactive tissue but feeds mto an activity that is already 
gomg on A constant net result, when a stimulus 1s repeated, 
requires some constancy in the spontaneous activity m the asso- 
ciation areas upon which the afferent activity impmges The 
perceptual learnmg that has been schematized in the piecedmg 
chapteis depends on some consistent central action of a repeated 
stimulus We need not assume a constant pattein of the back- 
ground activity, at all times, to satisfy the schema, but ıt does 
demand at least a frequent recurrence of the same pattern This 
is necessary 1f the stmulus ıs to have a cumulative action and 
build wp the “assembly” of cells that constitutes the first leainmg. 

In the answer to this problem hes an explanation of the slower 
first learnmg m higher species and, indirectly, as we shall see 
m later chapters, an understanding ot some of the problems of 
motivation and emotion m the half-giown or full-grown animal 

There seem to be two mam factors that would make for some 
consistency im the activity of the association areas at different 
times. One can be refeired to as an mtrinsic organization, m 
that activity, the other 1s the steadily increasmg mfluence of the 
infant’s environment. 

The mtrinsic organization of cortical activity is so called be- 
cause it is opposed to the organization imposed on the coitex 
by sensory events. It appears at birth * in the large slow waves 


* Te, it 1s “inate”, but 1t may or may not be unlearned. There are two 
possibihtes (1) that there are pacemakers which are mherently such as 
to dommate other neural cells and produce the synchronous firmg, and (2) 
that the synchony 1s “learned”—established 2m utero as a result of the 
neural achvity itself The comparatively slow change of the mfant’s EEG 
toward the adult pattern, and the lack of any sharp discontinuity between 
the two extremes, suggest the second mterprctation Supposing that the 


122 Development of the Learning Capacity 


of the infant’s electroencephalogram, and m the sleep or coma 
of older subjects, At birth, that 1s, the intrmsic organization is 
completely dominant, in psychological development its domi- 
nance decreases, but 1t contmues to 1ecun periodically, generally 
m a dumal rhythm. Its behavioral conrelate 1s a heightened 
men for sensory stimulation and a marked absence of the per- 
sistently directed activity that we call voluntary and purposeful, 

This does not mean that there 1s any sharp lime that divides 
infant behavior, o: sleep, from the behavior of the wakeful adult, 
it does not mean, erther, a hard-and-fast distinction between the 
corresponding EEG’s. But there appear to be two extremes in 
the organization of cortical activity that correspond exactly with 
the two extremes of learning ability discussed m the last sec- 
tion. One 1s established early; mtcrupted rather than sup- 
ported by a varied sensory activity, once the alternate organiza- 
tion begins to appear, manifested by laige potentials m the 
EEG, and correlated with an mactivity of the musculature or an 
aimless, undirected activity and a slow and imefficient learning, 


firmg of central cells 1s originally at random, the synaptic changes discussed 
earlier would lead to an mcreased coordination of firmg and the establish- 
ment of massive self-excitmg systems These might be comparatively 
simple closed circuits at fist but would tend to steadily recruit other cells 
and later other circuits Ths 1s the “growth” referred to m the discussion 
of perceptual development (p 76) Without the constant sensory disturb- 
ances resulting from the motor activity of the wakmg animal, the giowth 
would make for local mtegration, and hypersynchrony, with them, the m- 
tegration 1s m anatomically diffuse systems and reduces local synchroniza- 
tion 

This discussion makes a good deal of the electroencephalographic evi- 
dence as the most direct mdex of physiological organization im the normal 
living bran, It 1s wise to recogmize explicitly, however, that the mdex 1s 
avery rough one I have treated the slow waves of the mfant’s EEG, and 
those of adult sleep and coma, as havmg the same meanmg Apparently 
they may have, m one respect as indicating a local synchrony of firmg m 
corneal neurons (see the assumption made earher, p 8) But im other 
respects there may be significant differences Indeed, there must be, and 
future developments ın electrical recording may reveal them For the 
present, the important thing 1s to see that there 1s m one respect an iden- 
tity of cortical actrvity in infancy, sleep, and pathological conditons which 
1s at the opposite extreme from that of the normal walang adult, as seen 
both m the electrical record and m the presence or absence of sustamed 
purposeful behavior 
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The other is slowly acquired, dependent on a constant change 
of the sensory influx for 1ts mamtenance foi any period of time, 
produces a flattened, regular EEG, and ıs the precondition of 
the normal adult wakıng behavıor and the adult level of learnmg 

Note that what 1s discussed here is a vaiiation of orgamzed 
activity m the cortex. In the later discussion of fea: and neu- 
rosis the notion of a disorganization will appear, producing 
neithe: quietude nor purposeful activity but mcooidination and 
autonomic activity. Intrmsic or primitive organization, and dis- 
organization, aie to be distinguished 

Against the backgiound of the mt:msic o1ganization, the ım- 
fant’s fist visual learnmg could proceed steadily, although 
slowly, with no dis.uption If the fist sensory excitation feeds 
mto an oiganized activity, where cells ae fing rhythmically in 
large populations (which J assume is what the laige waves of 
the infant's EEG mean), the argument of the schema can still 
stand, although visual learnmg must be slower than if the cells 
of area 18 were always ready to be fired, and neve1 1ef1actory, 
when an impulse airives fiom 17 The only change m the 
schema ıs to show still another reason foi the slowness of fist 
leainmg m the lngher piimates. 

At the same time, an explanation of the difference fiom lower 
species appears The process of perceptual leaning must be 
thought of as establishmg a contiol of association-area activity 
by sensory events The larger the association ai:eas, both abso- 
Iutely and relative to the size of the sensory projection areas, 
the slowe1 the establishment of such a control must be and the 
less rigid and more complex its final form 

Let us suppose, as we safely may, that the pimeiples of cen- 
tral organization m othei sense modes do not diffe: fiom those 
of vision Anatomical differences ın the various sensory systems 
may affect the complexity of disciummation, fineness o1 acutty 
of discrmmmation, and so on They may lead to a meate: 1ela- 
tve mpoitance of temporal integiation m one sense and of 
spatal m another, as m hearmg and sıght But these ana- 
tomical differences do not imply different principles ot central 
neural mtegration m sight and hea.ing, or in touch and smell 

Ow problem essentially 1s to see how a particulai sensory 
event can have the same central effects on different occasions 
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despite spontaneous central activity. If we conclude with 
Adrian (1934) and Weiss (1941a) that the unstimulated neual 
cell must eventually fire spontaneously, we must also accept 
Adrian’s conclusion that this cannot happen m the cell that ıs 
exposed to persistent bombardment As long as the receptor 
surfaces are bemg stimulated, therefore, the sensory projection 
areas of the cortex must remam completely and constantly under 
environmental control 

Also under control are the fibers that lead fiom the sensory 
aleas into the association areas. Accoidmg to the schema of 
perception, this contiol 1s extended gradually, synapse by syn- 
apse Considering the association areas as made up of a popu- 
lation of transmission units, two factors must affect the length 
of time needed to brmg all these units unde: contol One ıs 
the number of contiolling fibers leading from sensory areas mto 
association areas The second is the number of tansmission 
units m the association areas themselves 

With cortex of a gwen sze, these two factors may be con- 
sıdered to be roughly proportional to the sıze of the total sen- 
sory cortex, and the total association cortex It then follows that 
the length of the primary learning period will be roughly pro- 
portional to the ratio 


total association cortex 
total sensory cortex 


which can be called the A/S 1atio. The sensory projection 
meas ae duectly under environmental control, and if they aie 
large, with respect to the association areas, and so project a 
large number of fibers into the association cortex, then control 
should be quickly established. If the sensory piojection 1s small, 
association cortex large, the contol will take longer, the period 
of “piumaiy learning,” that 1s, will be long 

But we may have to consider a further factor ‘With the same 
A/S 1atio, but with different absolute size of bram and a larger 
absolute number of transmission units in the association areas, 
it seems that the laige: biam might also make for slowe: first 
leainmg. A laiger number of transmission units means a greater 
variability m the spontaneous activity of the association areas, 
as well as a larger number of synaptic junctions over which 
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sensory control must be extended It will be recalled that the 
synapses in question are not the mmmmum number through 
which an afferent excitation might concetvably reach the motor 
coitex We are dealmg with recurient cucuits and complex 
closed systems. An absolutely gieate. number of transmission 
units m the association areas would probably make for gieater 
vatiability m eaily spontaneous activity and a greate: ultimate 
complexity of organization Both imply that a sensory control 
might be established more slowly m a laigei biam, even with 
the A/S ratio constant 

The sensory projection areas are widely separated in the brain, 
almost as if to maximize thew mfluence Only in the frontal 
pole im pimmates (and to a less extent in the temporal pole) is 
there cortical tissue that 1s far 1emoved fiom a sensory piojec- 
tion area We can then regard the stage of primary learning as 
the period of establishing a first environmental control over the 
association areas, and so, mduirectly, over behavior. With this 
proposition we have at once an explanation of the slowness of 
the fist leammg m primates, in which biain and A/S 1atio aie 
larger, and of the ultimate level of the primate learnmg capacity 

The numenical aspect of this fraction cannot be stressed, smce 
presumably there are othe1 factois of finer newal anatomy, of 
metabolism, and so on, to be taken into account It may be 
suggested, however, that the size of association cortex, and the 
A/S 1atio, when these can be expressed m teims of cell counts, 
may provide the basis of a better morphological index of the 
level of behavior than the bram-weight/body-weight ratio This 
of course 1s not testable at present. No cell counts ae avall- 
able, and psychology has so far found few satisfactory compari- 
sons of intelligence as between different species. We have not 
even any exact data on the gross size of the sensory cortex m 
different species 

But, for widely differmg phylogenetic levels, a hierarchy of 
“intelligence” (or psychological complexity McBuide and Hebb, 
1948) can be assumed, which corresponds to gross differences 
(1) i size of the cerebium, or (2) in the ploportion of afferent 
to mternuncial neural tissues In the lower vertebrates, the 
cerebrum is small, and the afferent systems are massive m com- 
parison with the mternuncial. Within the mammalian senies, 
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there are differences both of absolute and relative size of asso- 
ciation cortex which may be assumed (m the total absence of 
any exact data) to have a relevance to the greater speed with 
which the “lower” species can learn to respond selectively to the 
environment, and to the comparative simplicity of the behavior 
when it is fully developed 

These anatomical considerations diaw attention to another 
pomt, The learnmg ability of highe: species at maturity 1s not 
metely the capacity for a greate: number of associations or for 
associations that mvolve fine: sensory discrmmations The be- 
havio: also shows a less duect contol by the stymulus of the 
moment, from the mmediate environment In larger association 
areas the central phase sequence can be more complex: it must 
stl be organized and ultimately contiolled by the relatively 
smaller sensory piojection aieas, but the phase sequence can 
escape the drect contiol more frequently and for longer periods, 
The possession of large association areas 1s an explanation both 
of the astonishing inefficiency of man’s fist leaning, as far as m- 
mediate results are concerned, and his equally astonishing effi- 
ciency at maturity. 


MECHANISM OF ADULT LEARNING 


The question has been 1aised as to how, if the association 
areas of the brain have a contmuous and vauiable activity, a 1e- 
peated stimulus can have the same central effect on sepaiate 
occasions, to make cumulative leaanmg possible The question 
was answered for the mfant, and the answer helped to account 
for the slow fist learmmg of lighei species It can now be 
answered for the adult 

Fortunately, 1t 1s no longer necessary to account for a cumu- 
lative effect of stimulation that 1s superimposed on an tnde- 
pendent activity of the association areas (tortunately, because 
this activity must be extremely variable ın the waking adult) 
The learnmg occurs when the events to be associated can 
already command organized trams of cortical activity, m other 
words, when the environment has a control of the association 
areas that can be repeated, so that the central activity 1s not at 
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random and the stimulation can mpmge on the same central 
pattein when the training situation 1s repeated 

I have made it an essential condition of leainmg that two 
central events occu together. The 1eader ıs remmded, how- 
ever, that this 1s not always a sufficient condition In discussmg 
the question earher (p 77), I considered the probability that 
two systems would acquue an mterfacilitation by bemg active 
at the same tme The systems 1efe1ed to, at that pomt im the 
development of the theory, were newly o1ganized ones, and the 
question was of the first association of one system with another 
duing pimmary leanmg The conclusion was that the ease of 
association must vary greatly, even when the two systems le 
mteitangled ın the same gioss 1egion of the biam They might 
promptly coalesce, at one extreme, or might, at the othe, fail to 
do so despite often being active at the same time, over a long 
penod It was concluded also that the larger the system the 
gieater the probability of its establishmg an effective ınter- 
facilitation with anothei—pinvided that the two are well organ- 
wed, so that arousing part of one will arouse the whole 

But we are now interested in the associations formed at ma- 
tunty, between much more complex processes Leaimmg at 
maturity conceins patterns and events whose parts at least are 
familiat1 and which aheady have a numbei of othe: associations. 
This changes the problem considerably It means that the 
learnmg 1s not an association between totally umelated proc- 
esses It must concern a complex of cell-assemblies, and elabo- 
1ate phase cycles (m the jargon of my schema), and amounts 
to a strengthenmg of facilitations, not a settmg up of new con- 
nections between wholly unrelated activities 

The characteristic adult learnmg (outside of psychological 
laboratories) 1s leaanmg that takes place m a few trials, or m 
one only, It seems always to mvolve a 1ecombmation of fa- 
milar perceptions and famihar patleins of movement Thus 
one can typically 1emember a new name when given name and 
surname aie already familiar, or a new face when ıt ıs one of 
a racial gioup to which one has long been exposed. Vary these 
conditions, and repeated effort may not do the tick Complicate 
the problem even by 1equning that the new name and new face 
be learned simultaneously, and the difficulty 1s incieased, it is 
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usually overcome only by repeatmg the name and looking at the 
face a number of times m a short interval So adult learning 15 
typically an interaction of two 01 perhaps three organized activi- 
ties, bemg organized, they are capable of a continued existence 
after cessation of the stumulation that set them off, which gives 
tıme for the stauctural changes of permanent learnmg to take 
place. For the theory being developed, a prompt learning is 
possible when the stumulation sets off well-orgamzed phase se- 
quences, but not otherwise. This organized activity of the asso- 
ciation aieas is subject to environmental control To the extent 
that the control ıs effective, and re-establishes the same central 
pattern of activity on successive irials, cumulative leainmg is 
possible. 

Adult leainmg is thus a changed relationship between the 
central effects of separate strmulations, and does not directly 
concern the precipitatmg stimulus or, primarily, the motor re- 
sponse whose contiol ıs imbedded mm the central activity 

The same conclusion is reached from another approach. Ex- 
periments on leainmg have shown again and again that the 
nonsense syllables tob, del, rec, til, and so on, are haider to 
memorize than the more complicated items tobacco, delights, 
recommend, and heartily, and stul harder than the sentence 
“I recommend the delights of tobacco heartily” The event 
with meanmg 1s best remembered, moreover, it ıs the meaning 
that is remembered rathe: than the specific stimulation that 
aroused meanmg (McGeoch, 1942), That is, the central effects 
of sensation are what enter mto an association, rather than the 
comparatively simple sensory event itself This seems especially 
tue of the most efficient learnmg—the kind that 1s established 
most easily and persists longest 

Such learnmg may be diagrammed as 1n figure 14, where each 
circle represents a conceptual activity. The concept of an ob- 
ject or place is an regular cycle, each phase of which ıs the 
activity of a cerebral cell-assembly Jf a large enough part of 
this phase cycle 1s aroused, the whole becomes active. Thus in 
figure 14 the concept A was originally organized by an inter- 
action of hearmg, touch, and vision Once organized, it may be 
aroused by hearing alone, or perhaps by hearmg and touch, but 
the essential association between A and B, resulting from symul- 
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taneous activity, would be the same whether each was aroused 
by vision, or whether one was aroused by hearing and the 
other by touch, 

In this way learnmg may be “free” of any particular sensory 
cues (Tryon, 1939) The rat may learn a maze by the aid of 
cues from vision, smell, touch, and kinesthesis, the maze once 
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Ficure 14 A and B 1epresent two conceptual activities G, C, possible 
connections between A and B_ These are not simple closed neural circuits, 
nor even the more complex “assemblies,” but “phase cycles” systems of 
assemblies whose several activities are temporally mtegrated and tend to 
recur in an irregular cycle A was ouigmally orgamzed by auditory, tactual, 
and visual stimulation (that ıs, ıt involves assemblies m each of these 
modes), B, by visual and tactual sumulation When these cycles are well 
organized, ther activity may be mrhated by part of the omgmal strmula- 
tion—A for example by hearmg, touch, 07 vision When A and B me 
simultaneously active, they may acquire an imterfacilitation which ıs dia- 
grammatically represented by C and C The learmmg 1s mdependent of any 
particular stumulation, the association might be set up by two visual sumu- 
lations, but be manifest later when A 1s aroused by heaimg, or B by touch 


having been learned, any of these cues may be disturbed or re- 
moved, but the learnmg persists and utilizes those that remain 
We shall see m a later chapter that the behavior of the blind rat 
is permanently affected by his havmg had vision duimg the 
period of development The iat blinded at maturity solves cei- 
tain problems that rats blmded at birth do not. The properties 
of the concept A (figuie 14) depend originally on vision; but a 
rat might be blinded, after A had been developed, and still 1e- 
tain the concept as one that can be aioused by hearing and 
touch alone 

Now as to the mode of association between two such con- 
cepts The two neural structures may have enough chance ana- 
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tomical convergences (Chapter 4) that a duect interfacilitation 
is established. This 1s 1epresented (still quite chagrammatically) 
by C, C in figure 14 Then, even though the stimulation arous- 
ing A and B ıs buef, they may contmue active long enough fo: 
synaptic knobs to develop The result would be one-tral leain- 
ing, involving two separate neuial systems 

But this, ıt seems, ıs unlikely When new connections are to 


AA 


Ficurs 15 To (lustrate the possıbıhty that a subsystem, C, may act as a 
Ink between two systems (conceptual complexes) One concept 1s repie- 
sented by Aj, Ay, and C; the second by B,, By, and C The two systems 
have a subsystem, C, m common, to provide a basis of prompt association 


be set up, as m figure 14, 1t is probable that a number of tals 
would be necessary, and the diagram 1s best considered as 1ep- 
resenting rote leanmg The facts already discussed have mdi- 
cated that one-tral learning occus only as the association of 
concepts with “meaning”—havmg, that 1s, a laige number of asso- 
ciations with other concepts Figure 15 diagrams another pos- 
sibility, which can be given moie weight A perceived object 
consists of a numbe of perceptual elements (p 83) The same 
elements 1ecur in different perceptions, so that two concepts to 
be associated may have phases (assembly actions) in common 
These would be ready-made Inks, needing only to be strength- 
ened to establish the association 

But more the perception of an actual object (that can be seen 
from more than one aspect, and touched, heard, smelled, and 
tasted) mvolves more than one phase cycle It must be a hier- 
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achy: of phases, phase cycles, and a cycle or series of cycles. 
(“Cycle” 1s of course temporal: referrmg not to a closed ana- 
tomical pathway but to the tendency of a sezies of activities to 
recur, wregulaly.) The two ideas or concepts to be associated 
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Ficure 16 Diagrammmg m another form the same prmciple as mm figure 15 
The complexes A and B aie sensorily aroused at the same time Sold 
circles represent systems that are reliably aroused, broken circles, ones that 
aie facilitated by the activity of adjacent systems, but not reliably aroused 
by them. That ıs, the “frmge” systems X, Y, Z, C, and so on, receive a 
facihtation from A which 1s often not sufficient to arouse them, which ones 
are active will depend on preceding activity in the tissue and accidents of 
concomitant simulation The complex C might or might not be aroused as 
a sequel to A, or to B, but when both are active simultaneously, C 1s more 
likely to be aroused Thus the subject associates an object B with the ob- 
ject A, because both are associated with something else, C a familar tnck 
m memorizing lists of words or nonsense syllables m learning experiments 
But the processes A, B, and C all occur within what ıs grossly the same 
tissue, not spaced as in the diagram, and when by virtue of C’s activity A 
and B are persistently active together, they may slowly build up a duect 1n- 
terfacilitation—so thal C can drop out eventually, leaving A linked to B 
directly, by a short-circuiting (Woodworth, 1988, p 34, McGeoch, 1942, 
p 166) 


might have, not only phases, but one o: more subsystems in 
common. This is suggested by the diagram of figue 15 It 
should provide an even more effective Ink Such a mode of 
association is possible only between complex systems, and 1t may 
be recalled agam that a complexity of meanmg 1s more readily 
remembered than a simpler peiception without meanmg 

The same general principle 1s involved in figure 16. This 


182 Development of the Learning Capacity 


represents the familiar fact that a subject required to learn 
pars of words with no obvious relationship will mvent relation- 
ships, and will humself supply extra terms m domg so The 
subject trymg to associate conceal with above may do so by 
thmking above = cemainc-conceal, o1 with marble-punish, may 
think of being punished For PLAYING maibles For KEEPS (Wood- 
wo1th, 1988) The subject 1s making his task more complex 
when he chooses to 1emembe three or fom terms instead of 
two, but he also makes 1t easier Thus figure 16 shows how two 
concepts A and B may be associated if a third one (C) 1s aroused 
to which A and B are already 1elated 

The prompt learnmg of maturity 1s not an establishing of new 
connections but a selectrve 1emforcement of connections already 
capable of functioning. Observe, however, that this account 
differs from traditional association theo1y m at least one i1espect, 
which 1s of the gieatest umportance for applymg the theory to 
the iesults of expermment Two concepts may acquire a latent 
“association” without ever having occurred together wm the sub- 
ject’s past experience. Although the “association by similaiity” 
of older theory recognized this fact, the explanation seemed to 
depend on the idea of identical sensory elements The present 
theory suggests that the identical elements may be conceptual 
rather than sensory, that 1s, two thmgs may seem similar with- 
out excitmg the same receptors 

The concept A m figuie 16 1s capable of arousmg, or facil 
tates, C, but the facilitation may be from one of the subsystems 
of A on a subsystem of C, so that A and C need never have 
been active together at any eailier trme Or, as m figue 15, 
two systems may coalesce promptly because of having a sub- 
system m common It seems likely that somethmg of this sot 
is the explanation of the happy figure of speech, which Inks 
two sets of ideas not previously associated the more unlike 
they are, superficially, the more effective the figue, and yet t 
1s effective only because something about the structure of the 
two ideas 1s the same. (Fo. examples of such pairs of ideas, 
the reader may consult the discussion of scientific analogies 
earher m this chapter ) 

My treatment of learning here 1s tailored carefully to the 
experimental facts, but it also follows naturally from the original 
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neural schema. At this pomt, m the emphasis on pre-existent 
associations m learnmg, we have come to a classical pioblem 
that we can examine a little more closely, the meaning of “mean- 
ing” 

The implication of the preceding paiagiaphs is that a concept 
1s not unitary Its content may vary fiom one time to another, 
except for a cential core whose activity may dommate m aious- 
mg the system as a whole. To this dommant core, m man, a 
verbal tag can be attached, but the tag 1s not essential * The 
concept can function without it, and when there is a tag it may 
be only pait of the “fimge” sometimes aroused with the domi- 
nant subsystem, sometimes not The conceptual activity that 
can be aroused with a limited stimulation must have its organ- 
ized core, but 1t may also have a fimge content, or meaning, 
that vanes wıth the circumstances of arousal. 

Thus in figue 16 the activity of A may be accompanied by 
the activity of X on one occasion, or of Y and Z on another 
Which will happen 1s not mmdeterminate, but depends on the 
excitability of each subsystem at the moment, and on the facih- 
tation from other concurent sensory and cental activities 

Now consider the subject leainmg a list of words again Fol- 
lowing one tiain of thought, m which an activity occured which 
facilitates activity m C (figme 16), the occuence of A and B 
(also facilitatmg C) leads at once to the sequence A-C-B On 
another occasion, A and B at fist might have excited no common 
system In such cwcumstances, the subject would look at the 
words, “thnk” about them (that 1s, A and B me persistently 
active, with a varying fimge activity), until the facilitation on C 


*Tt seems hkely that there 1s a great deal of conceptual activity that 1s 
unreportable (and so “unconscious” ) im human thought above all, m what 
can be called mtutıve judgments (Hebb, 19464) Despite rehable and pre- 
dictable verbal responses m the recognition of emotion, for example, a sub- 
ject may be quite capable of saymg what considerations detexmmed his 
choice of terms There may, consequently, be concepts m man that do not 
have a verbal element, just as there are m animals On the other hand, it 
Seems quite clear that many concepts are fundamentally and essentially 
verbal—the “coe” 1s a word or other symbol, without which the concept 
could no longer be an element m thought (function as a neural system) 
If we recognize, first, that there are nonverbal conccpts, we must recognize 
secondly that some concepts are verbal only 
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from some one of the fiinge activities suddenly becomes limunal, 
and the relationship A-C-B 1s “peiceived” 

Evidently such changes aie what has been called, m the psy- 
chological literature, a “.esthucturmg” of thought, and the sud- 
den activation of an effective lmk between two concepts or per- 
cepts, at first umelated, is a sumple case of “msight” (p. 158). 
This 1s a topic that will be discussed more fully in the following 
chapte1, The mechanism of the sudden perception of new 1¢e- 
Jationships 1s, I propose, the one that has just been discussed, in 
its simplest form 

This account does not, however, sufficiently 1ecognize the or- 
derly, directed, persistent feature of the phase sequence that 
leads to msight a problem that presents major difficulty (Hum- 
phrey, 1940), and is considered m the followmg chapters in the 
treatment of attitude, motivation, and pleasure. Fou the present 
theory, insight is a “chance” combmation of facilitations from 
different phase sequences, but this 1s chance only m a limited 
sense, and given phase sequences that peisistently return to a 
certain conceptual activity (motivation to solve a problem) the 
ulttmate ocewrence of msight may be quite predictable What 
may not be predictable is just when the occurience will take 
place, and this of comse agiees with the facts of behavioi 


MAZE LEARNING 


Having considered how a certain kind of human learning 
might occur, in which the subject given one woid must repio- 
duce a second, let us next see how the theory of phase sequences 
and “concepts” can be applied to the learning of a 1at mm a maze. 

Suppose that we have a simple maze with a stating point A, 
three choice points B, C, and D, and a goal E As the rat runs 
the maze courectly, the environmental o sensory sequence would 
be A, B, C, D, E The phase sequence determmmg such a 1un 
cannot be so simple, because of the central facilitation that may 
arouse a conceptual activity in advance of its sensory arousal 
(“expectancy”), and equally may arouse the concept of a pomt 
that has already been passed (“recollection”). This can be dia- 
grammed as 

A-e-b-B-a-c-C— -E 
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where the small letters 1epresent centially aroused complexes 
(each coirespondmg to the recognition of a pomt m the maze), 
and capital letters 1epresent sensoily aroused ones, o1 actual 
perceptions, 

The existence of the piocuuent 1tems in the sequence above 
1s both an inference from the neural schema and a 1easonable 
inference from the literature on expectancy The recurent 
item (a following B) 1s mamly an mference fiom the schema, 
but it ıs suggested also by the backtrackmg done by sophist- 
cated rats m a simple maze 

In a long and complex maze, with unsophisticated 1ats, 1e- 
tracing is usually thought to be simply an error, pait of the 1at’s 
effoit to reach food as quickly as possible But m the method 
of testing intelligence described by Hebb and Wilhams (1946), 
the 1at often acts m a way that suggests somethmg different 
After 1eachmg the food box the animal may turn and explore a 
blind alley, or retrace the entue maze (sometimes without a 
smgle enor) Has return to the food box is usually at a higher 
speed than the first part of the run, and he eats enthusiastically— 
on the second time of reaching food Behavior 1s determined 
by the central phase sequence, and this means that the sequence 
is 1ecuirent as well as anticypatory. Similaily, “mental back- 
trackmg” 1s 1epoited by the blindfold human subject leanmg a 
stylus maze (Woodworth, 1938, p 148) 

Also, when one 1s findimg one’s way through an unknown city, 
or by compass thiough the deep woods or at sea, one has a con- 
tinual awareness of the supposed duection (1) of the goal and 
(2) of the earhe: route, though the apparent duection ot either 
may be quite wiong. There aie mdications in both animal and 
human behavior that learnmg depends on settmg up a unifica- 
tion of the total situation even when it cannot be surveyed as 
a whole Itis not necessary fo1 the leanmg that an accurate 
picture of the situation be achieved (Brown, 1932), only that 
the goal-concept dominate the phase sequence, and that each 
paiticula, complex m the sequence corresponding to a couect 
run 1ehably evoke the next complex, with the resultant recogmi- 
tion of the direction of the next choice pomt. 

As an illustration when diving to the neighboring city, 18 
miles away by a windmg route (on a modern highway, that 1s, 
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on which all the tuins are very gradual), I persistently feel that 
the part of the highway on which I am at the moment leads 
nearly straight toward my objective. When a bend m the road 
approaches, the apparent duection of the city changes, each 
turn is remembered, mconsistently, as a turn toward the goal, 
except when two turns are close togethe: I am unable to list 
all the different segments of the route from memory, m the 
night order, all I can do rehably is make the mght turns at the 
right tıme 

This proves nothmg, perhaps, except that I am easily confused, 
but it lustrates the pomt that a series of correct responses can 
be organized into a smooth sequence under the influence of a 
goal anticipation without requirmg that the subject (whether 
rat or man) have any accurate or detailed image of the total 
situation. The phase sequence determmmg such behavior need 
not be so well organized that ıt can run off complete without 
sensory support As I start driving, it consists of httle more 
than an awareness of the staitmg point, the goal m a ceitain 
direction, and the next distmctrve point m the route 

How 1s the sequence established? It will be clear, fiom the 
facts reviewed m the early part of this chapter, that the half- 
grown or adult animal comes to his task with an elabouate con- 
ceptual organization ready made, and that the Jeainmg is a 
modification of this to fit the particular properties of the new 
situation. Before one can attempt anything like an explanation 
of adult lJearnmg, therefore, it will be necessary to find out 
much more about the ontogenetics of behavio. The expe- 
ments reported m the followmg chapters hardly amount to a 
begimnmg at this task, until they are carried much futher a dis- 
cussion of the details of maze learnmg must be speculation only 
The experiments 1eferred to suggest, for example, that much of 
a rat’s leanmg to run a maze is done m his home cage, before 
he ever enters the maze at all What I piopose to do here and 
in the followmg chapters 1s outlme the approach that ıs mm- 
plied by the theory and define the problems that ıt raises for 
research, 

One of these problems is the development and control of 
hunger. Experimental evidence presented late: (p. 193) mdi- 
cates that there 1s an umportant element of leaning m hungel. 
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Jt is not always enough to have an animal lack food m o2dei to 
get him to eat At the same time, the analysis of the control of 
eatmg made by Morgan (1943) shows that no simple learnmg 
formula will provide foi the known facts This problem, then, 
must be left to one side for the present Assume here that the 
foundations aie laid the 1at put into the apparatus will eat food 
when he finds it, will move about until he does find it, and has 





Ficure 17 A simple maze problem, the simplest of those used in the 
method of testmg rat mtelligence, that 1s briefly deserbed in Chapter 11 
S, starting box, F, food, A, B, C, D, pomts ın the maze The lme C-D 
represents the smgle barner used ın this test problem, ın the preceding prob- 
lem, four barriers, differently placed, presented the rat with a more difficult 
problem Crossmg the broken hne constitutes an “error” 


become used in prelummary ttammmg to the general situation and 
has organized his perception of 100m cues, the remote objects 
that determine peicerved position (p 92). 

With a simple pioblem such as that of figme 17, one of those 
used in a rat “intelligence test”? (Hebb and Willams, 1946), 
learning takes from 1 to 5 tuals In this method the food box ıs 
always m the same place, but there are movable barnes that 
are changed for each test, so the 1at 1s used to finding food by 
a different 1oute each day With the problem shown, a bught 
rat 1s lzkely to ente: the er1o1 zone BC once or twice, and then 
make no more mistakes, followmg the 1oute A-D-F consistently 

At the pomt A, the rat’s behavion on the first tual ıs deter- 
mmmed by his experience with preceding pioblems He has 
sometimes found food by gomg toward B followed by a ught 
turn, sometimes toward D followed by a left turn, and always 
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m the general region of C and F. At A, accordingly, the phase 
sequence is variable (unique at any one moment, but changing 
from one moment to another as “meanmg” va1ies—p 188) Waith 
each phase sequence, there 1s a selective influence on the motor 
system, determing head-and-eye movement toward B, C, o1 D 
Further, the phase sequence 1s dommated by two thmgs an 
anticipatory concept or expectancy of reaching food, and per- 
ception of the rat’s present place m the maze Each two con- 
ceptual complexes are Imked by activity of the coitical moto. 
system facilitatmg not only movements of the head but also loco- 
motion. ‘The latter facilitation 1s not always lmunal, but when 
it 1s hmmal the rat runs, in the direction determmed by the 
eailier movement of head and eyes. 

The sequence of events, as the rat reaches A, might then be 
as follows perception of A—expectancy of food, with orenta- 
tion toward C—.unning—peiception of C—expectancy ot an alley 
leadmg to F. No alley appears, and either of two thmgs may 
result. 

1 The first possibility 1s that the controlling phase sequence ıs 
not strongly established and 1eadily gives way to another which 
determmes a different direction of movement Expectancy was 
not confimed, the o1zgmal phase sequence has not been 1em- 
forced by a conesponding sensory sequence, and the proba- 
bılıty of its occurrence when the rat next anıves at A ıs—at 
most—not mcreased On a second trial, the run may be towad 
D Now the expectancy of an alley beyond D ıs remforced sen- 
sorly The mdividual phase m the phase sequence ıs aroused 
both by a sensory and a cential facilitation, strengthening inter- 
phase facilitations and so mcreasmg the probability that on a 
thud trial the rat will go from A dnect to D 

2 As the rat approaches C on his first 1un, the second possi- 
bility 1s that the phase sequence determimmeg this behavior 1s 
stiongly established, with a strong motor facilitation The end 
of the cul-de-sac not only fails to provide sensory reinforcement 
for the phase sequence but disrupts it There 1s a conflict be- 
tween the ongmal phase sequence and a new one aroused by 
contact with the end of the cul-de-sac, which has been asso- 
ciated in earlier expeience with a nght-about turn This con- 
flict may appear as an emotional distmbance (anticipating the 


Maze Learning 139 


discussion of emotion in the followmg chapter), and amounts to 
breaking up a Imk ım the cham of the recurrent organization of 
the phase sequence In succeeding trials when the rat reaches 
the pomt A m the maze, the phase sequence may be, as before, 
perception of A-expectancy of food, with onentaton toward 
C-anticipation of C But the anticipatory concept of C is now 
linked with a disruption of cortical orgamzation The cycheal 
sees A~C-F-A-C-F, and so on, 18 boken up, permttng 
another cycle A-~D-F (orgmally less strongly established) to 
occu mstead 

This, m outline, 18 the approach to adult learnmg that 1s sug- 
gested by the phase-scquence hypothesis As I have said, there 
ave large gaps m the evidence, and when these are filled m the 
hypothesis may be found to need serious modhfications It has 
not made use of motivation or msight as special processes mde- 
pendent of the phase sequence, because these with emotion scem 
already subsumed by the hypothesis I shall try m the follow- 
mg chapters to show how such processes may be dealt with m 
moe detail, 


J Higher and Lower Processes 
Related to Learning 


The course of leaning 1s rarely a smooth accession of motor 
skill, or a closer and closer relationship of response to some par- 
ticular envwonmental event, as the learning process goes on 
Learning curves, for the mdividual animal, show great fluctua- 
tions from day to day—now backslidmg, now sudden improve- 
ment, It 1s only by averaging the results from a number of am- 
mals, tnal by tral, that one can manage to get a sumple curve 
showing steady improvement with practice 

It as usually considered that these fluctuations are caused by 
a number of factois that are mdependent of learnmg and of 
each other Just what factors are mvoked depends on the indi- 
vidual wiiter and his theoetical pomt of view. In geneal, 
they include (1) processes that guide and strengthen learnng 
physiological needs and motivations (mm one kind of theory), or 
such thmgs as attention, expectancy, and insight (an another), 
(2) processes that weaken or disrupt leainmg, such as emotional 
disturbances, and even (3) the mnate processes of mstinct that 
are thought to take the place of learnmg 

The question of differences in the leainmg of different species 
has aheady been broached. Amplifying this topic will also serve 
to fill m some of the more mmportant details in the account of 
learnmg that has been outlmed m piecedmg chapters In the 
pıesent chapter, accordingly, the “higher” processes of con- 
sciousness and insightful behavior will be discussed together 
with the “lower” fact of mstinct, and, more buefly, the rela- 
tion of these to emotion and motivation, leaving a fuller account 
of the latter processes to followmg chapters. 
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ENDURING SELECTIVITY IN CENTRAL ACTION. 
ATTITUDE 


An umportant aspect of an animal’s behavioi 1s the occurience 
of periods of directed behavior, m which one kind of action 
appeais only, or m which responsiveness 1s to one kind of stunu- 
lation This selectivity appears to be like the selectivity of at- 
tention but lasis longer and 1s less specific. It might be referred 
to as attitude, interest, or intention (though these terms may be 
objectionable), to distmguish it (1) from the more briefly last- 
mg attention, and at the same tyme (2) from the stable selec- 
tivity that may be eithe: mborn (and referred to as instinct) 
or established by slow learnmg, and remams unchanged from 
one day to the next The behavior discussed here 1s behavio1 
in which responses are now to one class of stimulus, now to 
another, m the same environment 

At a purely descriptive level, this aspect of behavior must be 
considered when one attempts to deal with species differences 
Tt seems fist that the duration of the selectivity—the amount of 
tume likely to be spent contmuously m one kind of activity—may 
vary for higher and lower species Peiiods of spontaneous play 
are shorter m the rat than in the dog, and still shorte: than in 
man, the period of emotional disturbance followmg momentary 
stimulation seems progressively shorte: as one goes down the 
phylogenetic scale, and so on Secondly, the number and variety 
of the distmctive forms of behavio1 involved 1s greate: m higher 
species—the number of 1ecognizably different attitudes o1 inter- 
ests, that is, is gieate, And, finally, the variability of action 
that still remains selective 1s also gieate: m Ingher species. an 
aggressive attitude, for example, has a much more vauable ex- 
pression m the chimpanzee than in the dog 

At a theoretical level, ıt seems further that there can be no 
explanation of learnmg and problem-solvmg m any mammal 
without 1eference to the peisistmg central neural mflucnce that 
sustams activity m one particular duection Even im the rat, 
leainmg contmually shows this selective 1esponsiveness to one 
aspect or part of the envuonment. In highe: forms, where 
expectancy has been most clearly demonstrated, it seems often 
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to be organized by an expectancy of a particular reward or goal, 
This is clearly not sensory but a conceptual process (to which, 
however, sensation must continually contribute). 

To account for a series of responses to the environment in 
which a lasting central mfluence is evident, t would be con- 
vement to be able to thmk of 1everberation in some thalamo- 
cortical system, actmg without mtezruption to mfluence other 
cerebral systems m a particular way foi extended peods of 
tme But this 1s at the least unlikely Even if such a system 
were unexposed to external disturbance, simple reverberation 
without afferent support cannot be expected to last more than a 
fiaction of a second (Lorente de Nó, 1939) The schema of 
neural action on which the present theory depends has made it 
appear that there is no constant, unimterrupted activity deter- 
mining behavior, no one endurig pattein of neural fing, but 
a continual fluctuation. If the theory up to this point is to be 
accepted, a selectivity of behavior that may last for mimutes or 
longer must be ascizbed to some other limitation on the vara- 
bility of frmg pattern m the cortex How might this occur? 

Fust, there may be classes of associated cortical activities 
Because of havmg occurred together frequently, each activity 
in a class A, B, C, D, and so on, would facilitate other activities 
in the same class more than those m another class L, M, N, O 
Arousal of any one activity A would then arouse others 
B-C-D-A --, but none of L, M, N,O Each letter here stands 
for a conceptual activity, or phase cycle, not a cell-assembly 
action The duration of each phase cycle might be a maiter of 
seconds, of the series of cycles (or conceptual series), corre- 
spondmgly longeı This would be one mechanısm of a persist- 
ing attitude, with a mamly mtracerebral o1igm. Its mamtenance 
might also be contributed to by sensation, the behavior would 
amount to a seekmg out of certain stimulations rathe: than 
others, and these might be such as to remforce the selectivity 
of further 1esponse 

But secondly, if the mitiation of one of these protiacted and 
selective conceptual series involves some lastmg bodily condi- 
tion such as lack of food, which m the presence of a particulan 
environment sets up an expectancy of eating, the expectancy 
might dommate the series and have a further organizing mflu- 
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ence. (The assumption is that hunger pangs, or a low level of 
blood nutrients, would have a selective effect on the men for 
the conceptual activities determmmg eatmg This assumption 
will be discussed later, m relation to the problem of hunger ) 
If A then stands for the expectancy of eating, and B, C, D for 
conceptual activites associated with eating, the senes might be 
A-B-A-C-A-B-D-A, and so on, with A in a dominating iole. 
Thus a lastmg bodily state might 1epeatedly mduce a concep- 
tual activity whose frequent 1ecuzrence would act to organize a 
conceptual series and restrict its content This sécond mech- 
anism presumably would make possible a longer: dmation of 
attitude than the first alone 

The duiation of a self-mammtained activity, as contiasted with 
an activity that is frequently remstated sensouily, depends on the 
complexity of the system m which ıt occurs A simple closed 
cneurt may revetberate for perhaps 0001 to 005 second, the 
cell-assembly, m which an alternating reverberation 1s possible 
(by-passmg refiacto1y transmission units), has been assumed 
to be capable of activity for peiods as gieat as half a second 
(p 74), a phase cycle, o1 sequence of 1ecu11mng assembly ac- 
tions, might then endure for perhaps 1 to 5 or 10 seconds (the 
apparent duration of conceptual processes in man) I have 
assumed m the preceding paragiaphs that a series of such cycles 
or concepts might last for mmutes o1 longer and constitute a 
transient attrttude A greater complexity does not ensure a 
longer persistence of self-mamtaimed actrvity ım the system, but 
may pamit ıt, and at the same time it peimits or depends on 
a gieater vaiiability of specific content fiom moment to moment 
In the conceptual class A, B, C, and so on, A factlitates B, C, 
and DA temporanily high limen m B at the time of A’s activity 
would not prevent contmuance of selective behavior, smce C 
or D may be aroused by A 1f B ıs not The idea m essence 1s 
that a conceptual series A-B-C-D-A-B-C-D, and so on, might 
have a greater duration, at its maxımum, than A-B-C-A-B-C, 
and so on. 

In a higher bram, accordingly, m which more assemblies are 
organızed by learnmg and may occur m more varied combma- 
tions, the upper tme limit of a selective cential mfluence 1s 
greater and the selectivity at any one moment is less specific 
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The anatomical factor here is both absolute size of the associa- 
tion areas and the A/S 1atio (p. 124) This provides some ra- 
tionale for the observed 1elation between (1) phylogenetic level 
and (2) the complexity and duration of attrtude and interest, 
The problem dealt with here has not of couse been solved, It 
will be 1eturned to m Chapter 9 

Now the behavior that shows this soit of control 1s the be- 
havior that is called conscious or voluntary These two terms 
are not m good standing m modein psychology, and yet they 
refer to an important psychological distimction not only for the 
clinic, where it is fundamental, but even m the experimental 
laboratory, where for example the differences m conditionmg 
voluntary and mvoluntary responses are well known It 1s not 
mnportant whether one 1s to continue usmg the words conscious 
and voluntary in psychological discussion, 1t 1s important to 
have the distmction to which they refer made explicit, and to 
be able to deal with it theoretically. 

Let us start by recognizing that the distinction is not between 
discrete, unrelated states but between the exteemes of a con- 
tinuum The impoitant thing 1s to define the continuum, not to 
decide yust where a line should be drawn to divide one end fiom 
the other, or even to divide it at all. 

The preceding discussion of attitude makes a theoretical defi- 
nition of “voluntaiy” and “conscious” possible, and, just as im- 
portant, draws attention to what seems to be the empmical mean- 
ing of these terms, quite apart from theory. For the pıesent 
theory, a voluntary act is one that 1s determmed by a phase 
sequence or conceptual series with some duration m tme, to 
which both sensory and central facilitahons contribute con- 
stantly. These sequences are recurrent as well as anticipatory, 
so the voluntary act ıs mfluenced by immediate memory and 
set as well as by an expectancy of the future—particulaily, an 
expectancy of the mmmediate consequences of the act This 
theoretical definition 1s considered also to cover the adjective 
“purposeful”—from the pomt of view of mechanism, there ıs no 
apparent basis for distmguishmg “voluntary” and “purposeful” 
(the distmction m usage may actually be a distinction between 
the circumstances m which a smgle kind of process occurs), 

Empumically, a voluntary act appears duimg periods of selec- 
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tive responsiveness, conditioned both by earlier strmulations (the 
influence known as set) and by present stimulation The mflu- 
ence of piesent stimulation 1s not always obvious, since the act 
1s not necessarily mrtiated by an envuonmental event It þe- 
comes evident, however, whenever an envuonmental change oc- 
cus durmg the act that would change its effect There ıs at 
once a variation of muscular pattern that ıs such as to tend 
toward a constant end eflect This musculai vanability with a 
single result has been called “motor equivalence” by Lashley 
(19422). It 1s an essential mark of the voluntary act (and is 
essentially the only meanmg of the adjective “purposeful”). 

The form of an mvoluntary act is characteristically not a func- 
tion of set, or any plepaiation of the subject by mstiuction o1 
the like (Hilgaid and Marquis, 1940) It is determmed by the 
stimulation of the moment plus the general physiological cond1- 
ton of the anımal, and does not show motor equivalence. The 
occurrence o. strength of an mvoluntary 1esponse may be sub- 
ject to the influence of set, as when ghost stories facilitate a 
startle reaction, but the startle ıs involuntary as long as ıt mam- 
tams the characteristic 11gidity of pattern The distinction 1s of 
course between two ends of a contmuum, not attempting a sharp 
separation of two totally different kmds of behavio. Some m- 
voluntary acts may show “purposeful” moto vaiability, or vary 
m pattern as a function of set, but the more they do so the less 
ceitain the classification must be 

Consciousness then 1s to be identified theoretically with a cer- 
tam degree of complexity of phase sequence m which both cen- 
tral and sensory facilitations meige, the cential actmg to rem- 
force now one class of sensory stimulations, now another The 
cortical organization consists of a diffuse firmg in a succession of 
assembly actions o1 phases that ale onganized first ın phase 
cycles (conceptual activities) and then in series of such cycles 
that mamtam a selective mfluence on behavioi for appreciable 
periods of time, but always with the possibility that the current 
organization may be changed or disrupted by an unusual sensory 
event The limen fo: the unusual, that is, remams low The 
unresponsiveness to some stimuli that is characteristic of the 
conscious animal is always fo. familiar features of the environ- 
ment Finally, this organization 1s opposed to the mttinsie o1- 
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ganization of mfancy and sleep (p 121), and appeais to be 
maintamed by the constant sensory flux to which motor activity 
contributes, It is rarely possible fo. any prolonged period of 
unchanging sensory pattern (when sleep or catalepsy 1s likely 
to ensue). 

Empuically, in behavior, the most mpoitant mark of con- 
sciousness 1s the contmually changmg selective responsiveness 
to different aspects of a familia. envnonment, the unchanging 
responsiveness to unusual o1 unexpected events, together with 
the continual presence otf “purpose,” “means-end-1eadmess” (Tol- 
man, 1932), 01 motor equivalence Anothe: mark might be the 
occurience of “operants” (Skmner, 1938), 01 actions not mitiated 
by an environmental change However, these occur also m 
earliest mfancy, m very plimutive o1ganisms, and m sleep, and 


so do not very clearly distinguish a conscious fiom an uncon- 
scious animal. 


MODES OF SENSORY-CENTRAL INTERACTION 


The chief need left by this discussion of attitude, or enduimg 
selectivity of cential action, 1s a more detailed treatment of the 
interplay of sensory and central facilitations I have said that 
the phase sequence persistently escapes from a duect sensory 
control But this by no means mmphies a total lack of sensory 
influence, at any time By “direct” contol 1s meant that asso- 
ciation-aiea activity 1s determmed by the pattern of mmediately 
preceding sensory stimulation, smce this activity detexmmes 
behavior, a direct contol would mean that with any given sen- 
sory stimulation an animal would 1espond m only one way 
This, as we know, does not occur m higher animals m a famihiai 
envnonment. At the same time, it 1s quite evident that there 1s 
a contmual mfluence, of some kind, from sensation 

Definmg this mfluence m tts various forms raises a number 
of problems The schema of newal action made the mode of 
senso1y-cenhal mtelachon explicit as far as momentary excita- 
tions are concerned, but new difficulties appear when one 1s 
dealmg with lasting central activities and a series of sensory 
events, Some of these are handled reasonably well m the phase- 
sequence hypothesis. Others remam as problems for expert 
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mental mvestigation. They can be defined here and at least re- 
lated in a general way to the hypothesis. 

At each pomt ın a conceptual se1es, the ensumg actvity is 
determmed by the total pattein of sensation at that moment and 
by the residue of facilitation and negativity from the preceding 
central activity. In general terms, this means that theie are 
three possible ways m which sensory and cential facilitations 
may mteiact (1) They may conflict, producing phase sequences 
that aie mutually mcompatible, (2) they may have umelated 
effects, tending to set up independent phase sequences m 
parallel, and (8) they may remfoice one another’s actıon, both 
faciltatmg the same subsequent pattern of cortical action 

The second and third of these possibilities are the subject 
matter of later sections, dealing 1espectively with the relation of 
attention to leainmg, and the role of expectancy m a skilled 
motor performance The first possibility, a conflict of facilita- 
tions, 1s related to the problem of emotional disturbance 


THE RELATION OF EMOTIONAL DISTURBANCE 
TO LEARNING 


The ongmal idea of emotion was piobably a 1eference to the 
demons that now and then distu.b ordmazy behavior Demons 
or no, let ıt be observed that this was an imfeience from 
behavior, demons (mcluding the soul itself) not bemg casily 
seen by most people 

Very much later a quite different idea appeared, and 1s stil 
current. Emotion is now generally thought of as an awareness, 
a distmctive conscious process that is quite sepaiate from mtel- 
lectual processes This notion has led to a good deal of confu- 
sion, fo. rt has gradually become clea: that no such distmct kind 
of awareness exists (a surplising unanimity of psychological 
opmion has been 1eviewed elsewhere—Hebb, 19462) In this 
sense, the term emotion has Jost much of 1ts meanmg Further, 
it 1s meaningless as referrmg to any momentary muscular or 
visceral response, fo1 here also no distmetive pattein can be 
found (Dashiell, 1928) 

But it is stil tue that emotional disturbance exists, and can 
be recognized as a long-term deviation from an animal’s ordi- 
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nary behavior (Hebb, 19462) Somethmg causes it. I propose 
that we retuin to an earlier, behavioral, mterpietation (but sub- 
stituting neural events for the demon), and define emotion as 
the neural process that 1s mfened from and causes emotional 
behavior, with no reference to consciousness However, for 
reasons to be considered later (Chapte: 10), we shall be con- 
cerned in the present chapter with emotional disturbance rather 
than emotion 

Now as to mechanism. The causes of 1age (Hebb, 1945) 
and fea: (Hebb, 1946) aie extremely diverse. Unless we are 
to suppose not only that there are a number of separate emo- 
tions, with independent, newal mechanisms, but also a number 
of angers and fears, each equally dependent, we must ask what 
these various causes can have m common 

One answer to this question has already been suggested 
Emotion may be a dis:uption of cortical organization, which 
could occur m several ways the occurence of mcompatible 
phase sequences, the absence of a sensory facilitation that has 
always contiibuted to the phase sequence; “pain” stimulation 
that can be supposed to be mnately disruptive of cortical ac- 
tivity (see Pam, Chapter 8), and chemical change of the blood 
content, altermg the rate of fiimg of mdividual neuions and 
so disrupting a cortical organization that 1s fundamentally a 
matter of timing (see the discussion of hunger and addiction, 
Chapter 8) 

Some of the pomts mvolved must be left for later chapters. 
Fo. the present we are concerned with the possibility of a sen- 
sory disturbance of the phase sequence, as an influence on learn- 
mg In the schema of nemal action, it was concluded that a 
neuron, or group of neurons acting as a transmission unit, must 
be expected to enter ito more than one assembly if the assem- 
bles are organized at separate tes In two assemblies mvolv- 
ing some of the same transmission units, a simultaneous activity 
would not be possible The activity of one would prevent ac- 
tivity m the other 

In assemblies of cells that are frequently active at the same 
tume, fractionation elimmates fiom each the transmission units 
whose action 1s mterfered with or controlled by others (pp 
88-9), Ina familha: environment, therefore, such conflict would 
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not usually occur The same process would also gradually elumi- 
nate conflict occurrmg at the first presentation of a new stimulus 
combmation, as the combination is 1epeated, the make-up of one 
or both conflictmg assemblies would be changed by fractiona- 
tion, and the disorganization would decrease The stange com- 
bination would now be famuia: and no longer disturb behavior. 

In the phase sequence, the central facilitation fiom one phase 
on the next 1s usually not specific, smce sensory events occu: m 
a variable order, and, because of this, the facilitation fiom one 
phase cycle or conceptual activity 1s not completely specific but 
tends to arouse one of a number of subsequent activities (pp 
183-4) This flexibility of the phase sequence permits a con- 
siderable variation of the sequence of sensory events without a 
distubing effect Such considerations do not peimit one to say 
how gieat an environmental change must be to produce an 
overt disiuption of learned behavior, but the assumption that 
disiuption of coitical organization may vaiy im extent and in 
duration, and the assumption that the disruption when 1t has 
more than a momentary duration means some incoordination of 
effectors, make sense of the emotional disturbance that appeais 
when envuonmental change 1s great enough What I postulate 
1s that, up to a certain pomt, lack of correspondence between 
expectancy and perception may simply have a stimulatmg (o1 
“pleasurable”) effect (Chapter 9), beyond this pomt, a disiup- 
tive (or unpleasant) effect. 

The changes that distuib behavior must also include the ab- 
sence of a customary stimulation. The phase sequence 1s a con- 
tmual mteraction of cental and sensory events, and the back- 
giound facilitation from a constant sensory facilitation must 
affect the composition of the cell-assembly, duimg its oiganiza- 
tion, and be a factor in its later arousal The absence of a cus- 
tomaiy stimulation will be “strange,” and excitmg But again, 
if this condition 1s 1epeated, a reorganization of assemblies and 
change of interassembly facilitations can 1¢-establish the sta- 
bility of the phase sequences concerned With a varied experi- 
ence, the animal will become less and less dependent on any 
particular stimulation that ıs not a constant feature of his envi- 
ronment 

This is an effect of learnmg on emotion, a mechanism of 
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adaptation to the strange The converse is a directmg fluence 
of emotional disturbance on learning, a problem iaised m the 
precedmg chapter It has been concluded that the prompt 
learning of maturity depends on a phase sequence with a re. 
current orgamzation Dhsruption of any lnk m this disiupts the 
whole. Hypothetically, the disturbance varies in extent when 
it 1s widespread, 1t may cause deterioration of othe1, alternate, 
phase sequences—an extreme istance, presumably, bemg the 
paralysis of terror With less marked distmbance, the effect 
may be to prevent activity in the curient phase sequence only, 
and so allow anothe: mtegrated sequence to take its place In 
this case, there would be little sign of emotion mm the behavior, 
although the disturbance would have its effect in a changed 
direction of response. 

This 1s supposed to be the way m which emotional disturb- 
ance guides learnmg An example will make the proposed idea 
more definite Let us suppose that a .at ıs being tramed to 
avoid a darkened door, by bemg given an electric shock, and 
being allowed to find food when he goes thiough a hghted doo 
As the rat makes his choice, suppose also that his perception 1s 
of the relation of the right-hand dom to the distant environ- 
ment, the relative brightness of the doo not arousmg a con- 
ceptual activity He approaches the 1ight-hand door, and re- 
cerves a shock The disruptive effect hee 1s on the conceptual 
series perception of present place—door A—expectancy of food— 
door A, and so on Back at the choice pomt, an alternate series 
involving perception of door B can displace the first, the rat 
goes through B, and finds food The effect of this one trial 1s 
to teach the rat to go through the left-hand door Unless there 
was a conceptual activity a1oused by the different hghtmg of 
the two doos (p 106), this tual would not set up a tendency 
to avoid a darkened door as such 

Subsequent trials, with the dark doo: sometimes nght and 
sometimes left, would accumulate a disiuptive effect on both 
“spatial hypotheses” But on any tual when the conceptual con- 
tent includes phases determined by the bnghtness or darkness 
of a door, an association of daikness with shock can begin to 
be established With this, the phase sequence will alternate 
between perceiving present position at the choice point—per- 
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cewing a brighter door—expectancy of food, and perceiving 
present position—perceiving daiker door—expectancy of food 
The fist is remforced by a co1respondimg seres of sensory 
events, as the rat runs under rts influence, the second ıs umem- 
forced, and, fuither, disitupted When this stage has been 
reached, the final learnmg of the task should be prompt 

This, and the discussion of frustration in the pieceding chapter 
(pp 188-9), 1epresent m principle the role of emotional dis- 
turbance as it might affect learmmg ın an expeimental study. 
A special relationship between emotional disturbance and leain- 
ing will be dealt with in Chapte: 10, which tries to show how 
jearnmg might develop typical rage and fear, with then distmc- 
tive patterns of organized response, out of what (im its origins) 
1s simply disorganization 


INTENTION AND ATTENTION AS FACTORS 
IN LEARNING 


We can now turn to the second way ım which sensory events 
may be related to the cmrent central piocess The first possi- 
bility, just discussed, ıs that the two may conflict The second 
1s that they may neither conflict nor 1emforce one anothe1, but 
determme mdependent phase sequences. This possibility beais 
directly on the commonly held opmion that no leaining 1s pos- 
sible without mtention to leain, no memory of a sensory event 
unless ıt was “attended to” at the time of its occurence 

It ıs often supposed also that there 1s an extiaordmary unity 
about attention—that one can attend to one thing, or to anothe1, 
but not to both at the same time unless the two are a single 
unit, responded to as a whole. These conclusions need qualzf- 
cation, 

There 1s actually no evidence to justify the gene1al statement 
that learning never occurs without the help of attention (though 
my treatment in the followmg paragraphs assumes that this is n 
a sense tue) It has been shown repeatedly that a subject may 
not remember what he did not attend to, or that he 1cmembers 
more with attention than without But other things ate apt to 
be remembered to some degree It ıs common experience to 
remember details of a situation to which one did not, appar- 
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ently, attend—when the details later have become relevant to 
one’s thought. Similarly, the remark made by someone else, 
when one 1s reading, may not be noticed or responded to m any 
way, as far as anyone can tell, and yet 80 seconds or a mmute 
late. one becomes aware of the remark and answeis it The 
event was remembered Are we to postulate an “unconscious” 
attention to explain the fact? If so, attention ıs no longer um- 
tary—even xf there were no other objection to such a treatment 
of the piocblem 

This 1s a point, it seems, at which such theoretical concep- 
tions as attention and imtention are no longer precise enough 
I have already defined attention as the mmediate facilitation 
fiom one phase, or assembly action, on the ensuing one, with 
no implication that two such processes might not occur at the 
same tme In so far as the term ıs to be useful, xt should be 
restiicted to this very brief cential facilttation “Intention” 
seems a still more slippery term, related to “attitude” but with 
the implication that moto: components are prominent If the 
te1m has any intelligible reference to neural function, 1t must be 
to the enduring selectrvity of central action that was discussed 
earlier, 

There is a certam unity about this action, but not at all the 
absolute unity with which attention, at least, has been endowed 
in the older literature There may be more than one phase se- 
quence m the association areas at one tme The discussion of 
meanmg in the pieceding chapter implied also that the phase 
sequence may contimually tend to branch out m moire than one 
direction, ameba-lıke—some, o1 all but one, of the branches even- 
tually becoming abortrve for lack of the general background 
facılıtatıon of “attıtude” that determimes the general trend of the 
phase sequence I have emphasized the idea that the motor 
facirtation of phase or phase sequence may be sublimmal, and, 
to the extent that attention has the unity it 1s supposed to have, 
the unity may consist of a control of the moto: system by one 
phase sequence only, when two 01 more run m parallel Even 
then it should be remembered that we very often cany on two 
famılıar actıvıtıes at the same tme Aigumg and driving a car 
will do as an mstance, nether scems possible without “attention,” 
It certamly seems that the unity of attention has been exag- 
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gerated, and the phase-sequence hypothesis, at least, suggests 
that ıt may often be multiple. 

Memory for an incidental stimulation then may occur because 
the stimulus has aroused a second phase sequence without m- 
tenuptmg the pror dommant one This can happen only with 
familia: activities and perceptions, and only if a phase sequence 
1g aioused by the stimulus m question, and, m agreement with 
the importance of meanmg for leainmg, only if the mcidental 
phase sequence has a certam degiee of complexity and persist- 
ence There will consequently be plenty of occasions on which 
“unnoticed” events are not remembered, as the expermental ht- 
erature has shown 

So also with the effect of set on perception (perceptual set 1s 
another aspect of the phase sequence, closely related to atten- 
tion) It has been shown that m certain circumstances one sees 
what one expects, or 1s set, to see But this 1s no general iule, 
else one would be mcapable of seemg the unexpected When 
a stimulation ıs sufficiently strong 01 distinctive fiom its back- 
ground, and familia: or composed of familiar parts, it will be 
capable of mitiating 1ts own phase sequence, regardless of what 
other phase sequence may be gomg on at the moment. (If the 
new phase sequence 1s mcompatible with the pre-existing one, 
staitle 0: emotion may result ) The sensory event 1s capable of 
taking control of central action, just as im othe: cucumstances 
the central action 1s capable of remforcing one sensory event at 
the expense of a second 


MOTOR EQUIVALENCE 


Two modes of sensory-cential mteraction have been discussed 
The first, a conflict of sensory and central processes, was re- 
garded as a source of emotion, the second, m which a sensory 
event has central effects that neither support nor conflict with a 
prior central piocess, was treated as accounting for certain kinds 
of mcidental or unintentional learnmg 

The thnd mode, an active support and duection of the phase 
sequence by sensory processes, 1s at least as impoutant It 1s 
best exemplified m the phenomenon of moto: equivalence: a 
variability of specific muscular responses, with circumstance, n 
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such a way as to pioduce a single result The phenomenon and 
its importance for the theory of learnmg have been emphasized 
by Tolman (1932), Hull (1984), and Lashley (1942a). At the 
same time, theory has not handled the problem very success- 
fully It 1s usual, and m piactice necessary, to define an anı- 
mal’s response m terms of its end effect the rat reaches and 
enters the food box, the chimpanzee’s hand makes contact with 
a stimulus plaque and moves it It would be mpziactical to 
record the actual senes of muscula: contractions that brings 
such an event about But one must not then assume that a 
common end result means a single pattern of contractions 

It ıs necessary to use very special conditions of trammg mdeed 
to establish a “learned response” as a constant effector response 
A 1at tramed to depress a lever to get food may do so fiom any 
of several positions, m each of which the muscular pattein 15 
different He may climb on the lever, press it down with the 
left forefoot, or the nght, or use his teeth stead Very often, 
all that can be piedicted after the 1esponse ıs learned ıs that 
the lever will be moved downward It ıs not necessary here to 
multiply examples of such behavioi, ıt will be evident to any- 
one who caes to watch anımal or man cany out a learned re- 
sponse With long overpractıce ıt may seem at times that the 
subject has settled down to the use of a specie muscular pat- 
tern, an exact duplication of his movements from one trial to the 
next When this happens, howeve1, it will 1a.ely be difficult for 
an experimenter to change that pattern and still observe ap- 
proximately the same end effect (Timmg, however, may be 
cistu bed ) 

In general, the vaniabihty of motor pattern m a hungry anı- 
mal’s 1eachmg food becomes comprehensible if it 1s supposed 
that the behavio: 1s determmed both by an expectancy of the 
rmmediate result of each movement and by a continual percep- 
tion by the animal of his own locus and posture at each stage 
of his response The pioblem has sometimes been discussed as 
though the motor vauability occurred despite a constant set of 
stimulatmg conditions Sometimes, mdeed, ıt may, when there 
are two o1 more equally efficient modes of solution available to 
the anmal. But the variability characteristically appcars when 
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there is a variation of the animal’s mutial posture, of his locus 
with respect to the goal, o1 of mtervenmg barriers 

The anmmal must perceive his own postme and his place in 
relation to the goal, and his behavio1 must be affected by this 
perception as much as by his anticipation, expectancy, or fore- 
sight of the state of affairs m which food has been found m the 
past (remember that we are discussing the variability that oc- 
curs after learning is established) The monkey that must lift 
the lid of a box to get food has an expectancy of the ld’s 11smg 
in contact with his hand, and he knows where his hand 1s at 
the moment The question then 1s, what neural mechanism will 
account for a movement of the hand direct to the edge of the 
lid? 

Here we have an example of motor variability m a learned 
response that is about as stmple as can be. The muscular pat- 
tern of response, when the hand moves direct to the hd, is obvi- 
ously different for each mitial position of the hand We cannot, 
I beleve, accept the solution of this problem proposed by Hull 
(1984), m his concept of the habit-family Inerarchy, fo. he 
assumes that the final muscular event m the sequence 1s con- 
stant, though earlier ones can vary Here even the final pattern 
of contractions 1s vanable, depending on the monkey’s position 
with respect to the box, and we know that the monkey will open 
the box despite changes of distance from the retammg cage or 
changes of the box’s orientation. 

But we can follow the general lme of Hull’s aigument and 
assume (I believe, necessarily) that an earher generalized 
learning of mfancy provides the basis of response, together with 
an expectancy by the animal of his own later movements The 
only thng that seems common to the varous responses 1s a per- 
ception of the hand m final contact with the hd of the box In 
the noimal primate, this perception ceitamly mvolves vision 
I assume thus that the movement of the hand primanily follows 
an eyemovement that fixates the pomt of contact Part of the 
learnmg of mfancy must establish an ability to move e:the: hand 
or foot directly from any pomt to the Ime of vision Given this, 
the behavior ıs explamed, my earlier schema of neural action 
having provided for eyemovement in peiception. 
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The schema has also shown how the cortical process control- 
ling eyemovement might be sublimmal for actual movement and 
yet have a facilitatmg action on other cortical processes, The 
first learnmg mvolving manzpulation, m the normal primate, 
would be accompanied by eyemovements, but later, nm man at 
least, there is a capacity to move the hand to the pomt one only 
“thmks” of looking at. In this case it 1s assumed that the motor 
process is subliminal for eyemovement, but still with an mte- 
gratmg function for other cortical processes. My account is 
explicitly in terms of visual processes, but I will add that the 
arguments applied (in the earlier schema) to eyemovement 
might as easily have been applied to movement of the hands; so 
this does not mean that the variable motor behavior of the con- 
genitally blind 1s unaccounted for, 01 different in principle fiom 
that of the seeing Further, there is plenty of evidence to show 
that the space peiception of the congemitally blind 1s 1adheally 
defective (Senden, 1932)—which justifies an emphasis on the 
role of vision in the manipulative activity of normal subjects 

In the specific example discussed above, the hungry monkey 
might equally raise the lid of the box with either hand, with a 
foot, or even with a stick. all that 1s necessary to account for 
the behavior is that the foot, or the end of the stick, be seen in 
its present position, that 1ts end position m contact with the hd 
be conceived of m advance, and that the monkey have learned 
to move it from one position to another presently beng looked at 

More complex patterns of manipulation require only a number 
of such steps a continual awareness of the present position of 
the hand (or foot), and at each point im its movement an antuet- 
pation of the next pomt m space to which ıt must be moved 
At all times the behavior is unde: the contol of these two 
things, the muscular pattern of the half-grown or adult anımal 
1s so variable simply because the subject ıs not learnmg now to 
make specific movements (as he 1s earher, perhaps, when he is 
learnmg to bring the hand to the lme of vision), but learning 
a relationship, an association, between perceived environmental 
events This makes adult leainmg piimamly perceptual; but, in 
accordance with the developmental changes of learning dis- 
cussed m the preceding chapter, it still leaves a great emphasis 
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on the motor learnmg of mfancy, which frequently can be re- 
gaided as puiely sensori-motor 

In this section I have tued to present my solution of a 
ubiquitous, fundamental psychological problem. It would be 
wiong to leave the impression that the solution can be regaided 
as complete The solution says m short that motor leainmg at 
matuiity 1s perceptual learnmg m the fist place. It also says 
that a true moto: learnmg of mfancy 1s an essential element m 
the equivalence of adult responses The adult who learns to 
operate a slot machine leains, that is, that a quaiter’s moving 
into and falling down a slot will be followed by the appearance 
of a package of cigarettes He leains that the depression of a 
certam lever starts the motor on his car He does not lean to 
make a certain series of muscular contractions, but, once the 
perceptual relationship between depression of the lever and 
starting the moto 1s learned, an earlier mfant leainmg 1s enough 
to provide for the adult’s bemg able to put a hand or foot—or 
a stick~in contact with the lever and depiess it But all this 
is m very general terms 

I beleve that such conceptions will be a good basis for the 
study of motor learnmg, but it should be emphasized that the 
study is still needed—that nothing more has been provided than 
a rational approach which may o: may not be found adequate 
m the long iun The discussion has said nothmg about the 
changes of skill with practice What is thew natuie? Are they 
to be comprised ın the conception of changes in the cell-assembly 
due to an mcreased frequency of activity? Does the subject 
revert to his first clumsiness of performance when he 1s requned 
to use a new muscular pattern? Does his perception of the 
situation change with practice, or his muscular trmmg—o both? 
Above all, is he still responding to the same cues? 

We still have a gieat deal to learn about the modification of 
motor performance with practice It should be said expheitly 
that this discussion has not attempted to cover the development 
of motor skills mvolvimg a precisely timed se1ies of movements, 
noi such leainmg as that demonstiated by Speriy (1947), which 
monkeys are capable of and rats axe not. 
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INSIGHT AND HYPOTHESIS 


A somewhat different aspect of the problem of learning, and 
its phylogenetic cotelations, bimmgs us to the question of mtel- 
lgence or msight m learnmg, and the related question of 
“hypotheses” m anmals These ideas have occasioned a good 
deal of dispute, and some confusion, ın the psychological litera- 
tuie 

The analysis of animal mtellıgence, by controlled experment, 
has been a slow process Mamly, the touble has been to make 
the transition from an eailie: subjective psychology (1esoiting 
frecly to the notion of “mmd” o1 conscious awareness as an agent 
m behavior) to an objective theory of neural action, without 
oveisimplifying the facts 

If an animal shows “mtelligence” m his leaanmg and problem- 
solving (Hobhouse, 1915), “ideation” (Yeikes, 1916), or “insight” 
(Kohler, 1925), can the fact be dealt with mm a stuctly moniste 
theory with no hidden thiead of animism? It was hard to find 
a way of domg so What psychologists 1eally needed, of couse, 
was a physiological mechanism of thought to supplement then 
frankly physiological treatment of afferent and efferent mecha- 
nisms The falluie to suggest any mtelligible mechanism of 
sight, 01 ideation, led to two sharply opposed pomts of view 
One group—in general, those I have called learning theousts— 
began by denying that the facts were what they seemed, and 
argued that msight must be reducible to simple learning. 

The other group—in general, the configurationists—p1oceeded 
by urging the need for a better theory of learnmg, whether it 
could be found at once or not, and continued a search for evt- 
dence to show that the need existed, that animals do have ideas, 
or insight, or intelligence. 

As a result of this undertaking, psychological knowledge made 
a considerable advance I am gomg to argue that such notions 
as insight have a limited value, and that somethmg with more 
precision will be needed for the further development of theory, 
but it should be recognized that these ideas have led to an m- 
proved analysis of animal behavior and sts qualitative variations 
at different phylogenetic levels 
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Besides Hobhouse, Yerkes, and Kohle1, alieady mentioned, 
Lashley (1929a, 1938b) and Krechevsky (1982) should be listed 
as making majo1 contiubutions to the difficult problem of analyz- 
ing animal intelhgence, and Tmklepaugh (1928), Tolman (1932), 
and Cowles and Nissen (1937), as well, for demonstrating ex- 
pectancy (a form of ideation) mm ammals and establishing the 
value of this notion m the theory of behavior 

It is generally conceded by now that leanmg involves moie 
than the gradual remforcement of responses o1iginally made at 
random “Sophisticated” leainmg theoiy 1ecogmzes the fact as 
much as configuration theory (Spence, 1938, 1940) Learnmg 
1s often discontmuous, error curves show sharp drops without 
warnmg, and the kind of enor that ıs made on one day may be 
quite changed on the next The gieat disagreement that stil 
contmues m psychology does not concein the existence of some 
factor producing these effects, but its nature how it operates, 
and how it 1s 1elated to learnmg as such 

Let me make this a little clearer In the fist effoits to be nd 
of anthiopomorphism in animal psychology, “leaining” theory 
said somethmg like this When an animal is faced with a new 
problem, we can avoid any reference to mtelligence o1 compie- 
hension and desciibe the cat’s attempts to open the door of a 
problem box (fo1 example) as at first a series of random move- 
ments Some one of these movements will eventually open the 
doo, by chance The tendency to make that movement is then 
mereased because 1t was 1ewaided (the “law of effect”) 

On each trial, the tendency 1s tuithe: mcreased Eventually, 
the cat opens the door mmediately—not because of any sepatate 
process of intelligence o1 understandmg, but because a specific 
association has been built up Thus is the “naive” theory of 
leainmg by tral and eior, it 1s no longer mamtamed, lagely 
because of the work of Hobhouse, Yerkes, Kohler, Lashley, 
and Kiechevsky, together with an important analysis by Adams 
(1929) and the late: work of Thoindike (1931), But it had its 
value It was a necessary corective to the vagueness of other 
theories, and though m development it has become 1ather vague 
itself it stall represents a line of thought that sists, mghtly, that 
theory must aim at definable conceptions and a clear statement 
of its origmal assumptions 
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The configurationst attack on the earle1, “naive” learning 
theory proceeded as follows. A search was made for tasks to 
set an animal, of just the 1ight degiee of difficulty fo. each spe- 
cies to demonstigte the operation of mtelligence The task must 
neither be so easy that the animal solves the problem at once, 
thus not allowmg one to analyze the solution, noi so hard that 
the anal tails to solve it except by 1ote learnıng m a long senes 
of tuals 

With a problem of such bordeiline difficuity, the solution may 
appear out of a blue sky There 1s a period fist of fruitless 
effort m one direction, or perhaps a series of attempted solu- 
tions Then suddenly there ıs a complete change in the direc- 
ton of effort, and a cleancut solution of the task This then 1s 
the first criterion of the occurence of insight The behavior 
cannot be described as a giadual accietion of learning; it 1s evi- 
dent that somethng has happened m the animal at the moment 
of solution (What happens is anothe: matter ) 

The second, and essentially more important ciite1ion, mvolves 
a compazison of species, To the human obseivei, a monkey’s 
effoits to get at food may at times appeai utteily stupid It is 
one of the gieat achievements of modein psychology to show 
that the stupidity 1s always a matte: of degiee, and to make a 
begmning at saying what mtelligent behavior 1s, in its vaious 
manifestations The description of intelligence 1s a moue diffi- 
cult task than it sounds, this is one matter in which appearances 
aie really deceptive The box-stackmg of the chimpanzee, toi 
example, ıs a very clumsy performance nndeed The chimpanzee 
has no notion of statics and must pile his boxes by tral and error 
until finally they will stay piled and bear his weight (Kohle., 
1925) But comparison with othe: species 1eveals a considerable 
intelligence m this performance, nonetheless. The dog 1s not 
low in the intellectual hierarchy, and yet he 1s unable to see the 
possibility of moving even one box to a place where he wants to 
climb. Physically, this 1s possible for him, though pilmg one 
box on another may not be The tawe 1s thus intellectual 

The dog, agam, shows his great supeiioiity to rat or hen im 
ius skall at passing obstacles, and 1eachimg a goal by the shortest 
route (psychologically a more brillant achievement, more m- 
sightful, than 1t may sound). 


x 
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It 1s often said that most human bemgs nevei think, and go 
by habit mstead of mtelligence The dullest person who can 
eain a lavmg m this cultme, however, contmually functions at 
a level well above the chimpanzee’s—complex as the chimpanzee 
mtelligence 1s—and ıt becomes nonsense m view of this fact to 
suppose that a man could ever get along solely by routme with- 
out the contmuous operation of whatever it is that we call intel- 
hgence This becomes even cleaier when one looks at cases of 
aphasia As we shall see later, aphasia ıs by no means a mere 
loss of speech, the patient has lost somethmg else as well, an 
intellectual capacity that no chimpanzee will eve: have and one 
that every normal person has and uses contmuously (even if he 
nevei sits down, puts his chin in his hand, and announces in so 
many woids that he 1s about to “thmk”), Without the study of 
msight m animals, we should not have been able to see how 
much is involved m ordimary, everyday behavio: that seems ele- 
mental in its simplicity but 1s not 

There is an unsuspected degiee of mtelligence in even the 
simplest behavior of normal man Kiechevsky (1932) estab- 
lished a sumilar pomt for the rat, showing that apparently simple 
leainmg 1s mote than an uncomplicated acquisition of stimulus- 
response connections, 1t mvolves “hypotheses” as well 

Buefly, what Kiechevsky found ıs this A hungry rat is given 
a repeated choice of two doors, one left and one 1ght, one white 
and one black (tor example}. The white door ıs sometimes on 
the left, sometimes on the 11ght, and food 1s to be found by 
gomg through one of the doois (the other bemg locked) With 
such a problem, the rat does not choose at random At first he 
1s almost certam to persistently try the door on one particular 
side, trial atte: tual, and Jate1, to ty the othe: side m the same 
way Still later, he may alternate, one left, one 11ght, and so 
on, o1 choose always the white door, whichevei side it may be 
on, until finally one of these systematic attempts at solution is 
consistently rewarded The rat ıs then sard to have had a series 
of hypotheses, and it 1s clear that his leainmg ıs not a gradual 
stiengthening of responses that were at first made at 1andom 
The behavior ıs stupid enough, by piimate standards, but ıt m- 
volves intelligence of a kind and it throws a good deal of hght 
on the behavior of higher species 
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DIFFICULTIES OF THE CONCEPTION OF INSIGHT 


So much for the value that psychology has drawn fiom the 
conceptions of msight and hypothesis (the latte: evidently a 
form of insight itself) We can next ask m what respect such 
conceptions are unsatisfactory, and the mquuy will lead us to 
recognize a complementaiy value m the “leainmg” theouy that 
has been consistently opposed to the theory of msight. 

Fiom the fist the meanmg of msight and hypothesis, as exact 
scientific terms, has been left confused Then connotations ob- 
viously are anthropomoiphic and unfortunate This might have 
been less important if the terms had been well defined, but they 
were not 

“Hypothesis” has been defined as a form of behavior. a set of 
responses that deviates systematically from a chance perform- 
ance. This will not do at all, as Pientice (1946) has pomted 
out, it confuses cause and effect An hypothesis, it becomes 
evident, 1s somethmg postulated, hypothetical, inferred fiom 
behavior. 

Psychology has sometimes in the past been too fiee m postu- 
latmg special processes to explam behavior Now it 1s domg 
penance by gomg to anothe: extreme, scientifically just as sinful 
This current misconception of the scientific method makes any 
hypothetical entity somehow disreputable Psychologists now 
seem to feel that it is risky mdeed to depart from statements of 
fact, nothing should be mentioned that is not “operationally” 
demonstrable. Thus m another field we find emotion defined as 
a bodily 1eaction, which it ıs not, 01 neutosis as a set of neurotic 
symptoms At the same time, the context m which such definr 
tions appear makes ıt obvious that the write: has m mind some- 
thmg inferred from behavior, not the behavior itself, just as the 
1at’s hypothesis is inferred It 1s completely necessary to keep 
out of such confusion (1n the first place, and in the second place, 
to realize that neither operationalism nor logical positivism 1eally 
discourages mference or postulate but only seeks the rules by 
which mference 1s to be made) 

Insight, agam, has on occasion been defined as a sudden 
change m behavior, 01 as a conscious expeiience that one may 
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have m solvmg a problem Neither definition gets at the real 
meanmg, which ıs that of a causal facto: m behavior 

When this 1s clem, 1t becomes clear also that there is no need 
to say that a 1at has an hypothesis only when he makes a series 
of systematic choices The hypothesis might endure only for 
one tual, or part of a trial, though it could not then be dnectly 
detected, 1t would still exist In the same way, ıt ıs not neces- 
sary to limit msıght to those occasions such as when a chim- 
panzee, at first failmg to 1each a banana outside his cage, sud- 
denly turns away, looks for a stick, and 1akes m the food These 
are the occasions on which it 1s evident that somethmg has 
changed m the animal and has led to a solution But if it 1s 
msight that solves a problem followmg e1tor, it 1s no less msight 
when an animal makes no etois and sees the solution at once 
When the solution ıs seen at once, there must be at least as much 
msight as when the solution is delayed 

In this sense “imsight” is fully equivalent to “intelligence”— 
the term that Hobhouse used The teim insight therefore seems 
to have two references, one to an endurmg factor m behavior, 
the other to a variable one Both “insight” and “intelligence” aie 
probably unsatisfactory terms—it will be seen in the followmg 
chapter that they may be hard to distmguish from some uses of 
“motivation” except as different aspects of the same thimg—but 
it may be suggested that, 1f they are to be used, “intelligence” 
should refer to the endurmg aptitude, the existence of a causal 
factor in problem-solvmg that may or may not lead to the solu- 
tion of a particular problem, “msight” to refer to its operation 
m the particula: stance. 

There 1s still a difference of opmion as to what this causal fac- 
tor m behavior 1s, and how it operates 1s msight or hypothesis— 
or, in the broadest terms, mtelligence—somethmg distinct fiom 
the mechanism of association? And here, I thnk, we must take 
a long step toward the position of those theorists who ongmally 
denied the existence of msight but who now, hke Hunter (1934) 
o1 Spence (1940), are concerned to show that it can be deiived 
from a theory of learnmg 

Whateve: insight is, we now know that it contiually affects 
the learnmg of the adult mammal This has been mamtamed 
by those who have emphasized the value of insight as a theo- 
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retical conception; if we grant it, the conception does not be- 
come moe valuable for theory, but less 

We find at once the need for more precise conceptions The 
origmal value of the notion of msight lay m the distinction be- 
tween intelligent and rote learnmg. Now all behavio: mvolves 
intelligence, and the distinction is a matter of degree how much 
insight (or mtelligence) 1s present? Further, if all learning is 
msightful we can no longe speak of msight as if it were a sepa- 
rate process and distmct from learning 

The conception of msight was a valuable first approximation, 
but a first approximation only. Insight 1s not distinct from at- 
tention or expectancy (which are also fist approximations), just 
as itis not wholly separate from 1ote learnmg Postulate insight 
to account for the discontinuity of a sudden improvement m 
learning, and sooner or later we shall have to add other postu- 
lates (temporary forgetfulness, frustration, loss of mterest, and 
so on) to account fo. the 1egiessions and disruptions that also 
occu m jearnmg 

[Tt has already been seen how insight, as a sudden peiception 
of new relationships, can result from the simultaneous activity 
of two conceptual cycles in adult learnmg (pp 13834) This 
need not be elaborated futher, the new relationship 1s a change 
of the phase sequence, and each phase sequence has its distinc- 
tive motor facilitation, so the change would be evident im a dis- 
continuity of behavior—the actual evidence from which the m- 
sight 1s inferred, 

l Apat from thé special case of a sudden solution followmg 
failure, msight is essentially the phase sequence itself, the au- 
tonomous central factor m behavio. It is that which makes 
behavior directed, instead of 1andom, the mechanism that 1s 
both anticipatory, adjustimg behavior to an obstacle before the 
obstacle is reached, and 1ecurrent, so that the chimpanzee, try- 
ing to reach a banana, remembers the stick he saw a moment 
before, goes and gets it, and rakes im the fruit ' 

(P Phylogenetic differences of insight are thus the differences m 
the complexity of phase sequence that 1s possible in the brain 
of a higher or lower species The lack of msıght ın the earhest 
learnmg of primates becomes comprehensible, smce the phase 
sequence must first be organized ; 
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Also comprehensible is the slowness with which insightful 
Jearnmg develops im these species, by the very mechanism that 
makes thew ultimate level of behavior moie msightful than any 
other The large: association cortex of primates, both in abso- 
lute tems and m A/S atio (p 124), means a slower establish- 
ment of sensory control, and so a longer time to set up the phase 
sequence and msight At the same time, m a larger association 
cortex the number of assembles of cells that can function as 
separate closed systems will be larger This means that the 
highe: animal at maturity will see any particular situation m a 
larger numbe1 of ways The comparatively small sensory pro- 
jection means also that the phase sequence can escape fiom 
complete sensory control more frequently, and foi longer pe- 
niods, so that the msightful behavior of higher species is less a 
response to the immediate environment and moire an mtegration 
of serial stimulation from situations that cannot be surveyed as 
a whole 

Fimally, all this explams how imsight depends on experience 
and yet ıs not a simple, direct 1esult of leainmg, or the operation 
of specific habits (Buch, 1945) The perception of new relation- 
ships discussed above 1s usually not delayed, but mmmediate, the 
animal put into a new situation will peicerve its parts as familiar, 
and as related ın a meanmgful way (that is, by the mechanisms 
discussed on pp 180-4) The behavior 1s then insightful, as an 
oiganized set of 1esponses to a new total situation An organı- 
zation that consists of a new temporal combmation of elements 
which themselves were o1ganized by expeiience obviously de- 
pends on learning, but 1s not learned Heredity sets a limit to 
the amount of development of the phase sequence and deter- 
mmes the prmcples of development, but expenence 1s necessary 
as well : 


THE RELATION OF INSTINCT TO LEARNING 


The problem of imstinct is the couelative of that of mtelli- 
gence, or insight, and of learning It has just been seen that 
intelligence is not an entity that is quite distinct fiom leaning, 
and we may now see that instinct, also, 1s not to be cut off 
sharply from erther 
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The term “mstictive” will be used here to 1¢efe1 to behavior, 
other than reflex, m which mnate factors play a predominant 
part. Emprrically, this 1s behavio. in which the motor pattern 
is vaiiable but with an end result that is predictable fiom a 
knowledge of the species, without knowmg the history of the 
mdividual ammal This class of behavior must be recognized, 
and we are no farther forward by coming a new name for tt, 
“Instinct,” however, 1s less useful. It suggests a special agent 
m behavior, just as “mtelligence,” “msight,” or “diive” may. 
Essentially, we are mvolved here in the difficulties of the 
constitutional-experiential dichotomy that are discussed late, 
(Chapter 10) We must distmguish, conceptually, the const- 
tutional factor m behavior from the experiential, but there is pre- 
sumably no mammalian behavio: that 1s unmfluenced either by 
learning, o1 by the constitution that makes some learnmg easy 
or mevitable We need not consider: (1) that mstinctive be- 
havior is sharply distinct hom othe: behavior, or (2) that ıt m- 
volves some special process that 1s radically different from those 
mvolved in othe: behavio. Ultmately, our arm must be to find 
out how the same fundamental neural pimciples determine all 
behavior 

There 1s a means at hand for attemptmg this Consider first 
Lashley’s (19882) useful distinction between reflex and mstmct 
A reflex may be defined as mnately detexmmed behavioi that 15 
controlled by stimulation of a specrfic group of receptors and 
takes the form of a predictable set of muscular contractions In- 
stinctive behavior, on the other hand, 1s more than a complica- 
tion of reflexes, although of course 1t mvolves reflex elements 
It 1s not always controlled by a specific stimulation, and may 
in fact be aroused by a perceptual lack (“reaction to deficit,” 
Lashley, 1938a, “vacuum activity,” Lorenz, cited by Tinbeigen, 
1942). Instmctive behavior does not consist of a predetermmed 
sequence of muscula: contractions, and yet 1t has a constant and 
predictable end result The spider of a given species will spm 
a web highly specific m design, though the movements necessary 
to produce it vary with the distance of the objects to which 1t 1s 
attached, the kmd of movements and number of trips made by 
a bird m buildmg a nest (mm those cases where the design can 
be foretold from the bud’s species) depends on the kind of ma- 


The Relation of Instinct to Learning 167 


terial used and the shape and size of the ciotch or ledge that 
supports it, and so on, 

All this means that the behavior, though it cannot be called 
reflex, 1s still contmually unde: senso1y influence, more or less 
drect, At each stage ın the construction the muscular activity 
vanes with cucumstances and 1s such as to produce a ceitain 
perceptual effect. This mduect sensory control 1s demonstiated 
whenever accident dest.oys part of the structure. The muscular 
activity then does not continue m a predetermined sequence, but 
reverts to an earlier stage, m such a way as to estore the missmg 
part. Smece the behavior ıs contmually responsive to such 
events, 1t must be under afferent mfluence throughout 

Now we have already seen that the A/S ratio, 01 proportion 
of association-area cortex to sensory cortex, affects the duect- 
ness of sensory control ove: behavior and the promptness with 
which it can be established In onder to make this relationship 
meaningful fo: lower forms in which the cerebral cortex 1s absent 
01 insignificant, let me speak here of the proportion of mter- 
nuncial to afferent cells (association/sensory cortex bemg only a 
particular case of this more general 1elation) A massive affer- 
ent system and a negligibly small mternunciıal one ımphes an ım- 
mediate and direct sensory control of behavior, and one m which 
any particular senso1y constellation would tend to have a smegle 
effect on behavior The larger the internuncial system, the 
more slowly can a sensory contiol be set up. A sensory contiol 
that 1s established only with experience, howeve:, means that 
therc ıs an element of learnmg in the subsequent behavio1—and 
so an increased variability Thus, with phylogenesis, the pre- 
dictability of mstmctive behavior would steadily decrease as the 
yao of afferent to mternuncial tissues becomes smaller. 

This does not of course explam why the mstimctive behavior 
of any one species takes the particular form it does, but at this 
pot we do have an explanation for the fact that mstimct is most 
evident ın lowei species, m which mternuncial structures are 
small, both absolutely and 1elative to afferent ones Before 
specific instincts can be explamed, much more must be known 
about the behavior m question and the finer neivous stiuctures 
that determine it. It 1s a reasonable expectation that the knowl- 
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edge will be obtamed, and that the explanations when they are 
found may be much smplei than one would suppose. 

To show that the expectation is not chimetical, that this 
does not sumply dodge a crucial difficulty fo. the present theory 
of behavior, let me cite the earlic: discussion of the “spatial 
hypothesis” 01 position habit The position habit of course 1s 
not called mstinclive by psychologists, presumably because it 
only shows up duzing the course of leainmg, and Icarnmg and 
mstinct are supposed to be mcompatible But it 1s so completely 
piedictable ın the rat that it meght well be called mstmctive, 
Before a means was found for analyzmg the behavior (Hebb, 
19884, 1938b, Hebb and Willams, 1941) it almost appeared that 
the rat had a thoioughly mysterious capacity fo. peiceiving 
compass direction It tuins out, however, that his behavior 1s 
simply 1esponse to the most constant strmulation of his environ- 
ment (pp. 91-5). 

Eventually, explanation at a sumilar level can be expected for 
othe: species-predictable—or mstinctive—behavio1 It is almost 
certain that the myste1iousness of the processes detemmmg m- 
stmct 1s generally overrated, when analysis has finally suc- 
ceeded, the process turns out to be quite different fiom what it 
appeared at first (Schneula, 1948) The nest-building of the 
pregnant rat may be the simple 1esult of a disturbed tempera- 
ture control (Kinder, 1927) The visual preference of the honey- 
bee for complex flowe: forms appears to come trom the fact that 
these forms produce a greater flicker frequency mm the bee’s eye 
(Wolf and Zerrahn-Wolf, 1987) and thus have a maximal strmu- 
latıng value The preference ıs not at all an mnately detei- 
mined peiception of a particular pattern as distmet from other 
patterns Theie 1s still an mnate factor, but a much simple one 
than 1t seemed at first to be, and the evidence does not 1equue 
the assumption that some specal and complex process ıs in- 
volved m the behavior Another example ıs the apparently pur- 
poseful behavıor of the newly hatched loggerhead tutle m 
gomg duectly to the sea (Daniel and Smith, 1947), which, how- 
eve, 1s phototiopically determined 

I have aheady suggested that “mstinct”? may fundamentally 
mvolve some leaning even at lowe: phylogenetic levels, if the 
kind of learning is strictly limited and if ıt may occur m a matter 
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of seconds (pp. 118, 115) This is quite speculative at present, 
but one thmg 1s clea, at least, that there 1s no evidence to 
justify the a pror assumption that the contiol ot learned and 
the control of mstmctive behavıoı are quıte separate processes 
(Beach, 1937, 1939). In mammalian behavioi, ceitamly, we 
cannot separate out one gioup of responses that are imnate, 
others that are learned Constitution (the factor of heredity) 
may dominate in determming some pioperties of behavio1, expe- 
rience (the facto: of learnmg) m others, but there must be a 
giadation from the one type to the othe 

In the same way, mstinct 1s not a sepaiate process fiom intel- 
ligence o1 msight It 1s intelligence, o1 msight, that 1s innately 
lmıted m vanety An animal low in the scale must see a par- 
ticular situation in a particula. way because of the ove:whelm- 
mg mastery of aflerent ove: mternuncial activity, whereas a 
inighe: animal with a more vauable association-aiea activity, 
unde: imperfect sensory contol, may see it m a number ot ways 
and respond accordingly now to one property of the stimula- 
tion, now to anothe: But the mechanism of 1esponse 1s not 
diferent ın the two cases, except m complexity 

This should be more explicit m one respect It has been 
argued that erpectancy ıs an essential explanation of motor varia- 
bility m mammahan behavior At the same tme, it must be 
clear that imstinctive behavior does not nvolve an expectancy of 
its remote biological iesults (this would be the worst sort of 
teleology ) 

I have said that mstinct and intelligence differ m complexity 
of mechanism, and one of these differences is m the degree of 
anticipatory cential action that ıs called expectancy, and in the 
temporal extent that expectancy can span At the lowest levels 
of mstinctrve behavior there can be no expectancy whatever, 
where the mte:nuncial activity 1s completely under sensory con- 
trol, without intermission At mtermediate levels, there may be 
an expectancy of the immediate consequences of the single act 
in an mstinctive sequence (the bid may have an anticipatoiy 
concept of a twig placed m a certan pait of the nest, before it 
is actually laid there, the rat whose pups have been scattered 
may possibly retuicve them undei the mfluence of an expectancy 
of perceiving them m the nest agam) Even this degree of 
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expectancy, however, mvolves leaning, expectancy must be a 
association between a present state of ataus and one tht Iag 
flowed that tate of afus (or sul oves) w he pas: The 
temporal span oÉ expectancy in mate beavi must vay 
from zero to the human expectancy of pregnancy and bith ne 
months after copulation (and the dioultes of rearmg a chli 
for twenty yens after that) To the extent that expectany o. 
curs xt must represent an influence of leanne, not an mbom 
knowledge of the future 


5, Problems of Motivation: 
Pan and Hunger 


This chapter and the next am at a broader pictme of the 
problem of motivation than ıs usually drawn when neuial mecha- 
nisms are to be discussed The biologically primitive hunger, 
pam, and sex diives are important in behavior, but these are not 
all of motivation In particular, there ıs an essential problem m 
play, and in the changes of motivation that occu when bodily 
condition (mcludmg humoal factois), and the envuonment in 
all impoitant respects, seem unchanged 

In the present chapter, motivation 1s dealt with first as a theo- 
retical conception, particularly in relation to the theory of lean- 
mg, we can then try to see how the more general ideas that re- 
sult from this exammation aie to be applied to the specific prob- 
lems of pam and hunger The followmg chapte: will be an 
attempt to 1ound out the picture by treating the spontaneous 
variations of motivation that appear m such different aspects of 
behavior as play and sleep 


THE CONCEPT OF MOTIVATION 


The term motivation concerns two distimct questions: (1) why 
1s an animal active at all, and (2) why does the activity take a 
particular form? Ostensibly, (1) 1s the fundamental question. 
Actually, 1t 1s (2) that modein psychology 1s usually concerned 
with—though the writer who uses the term often seems to be 
tallang about (1). 

We have seen (Chapter 1) that early expeimments with neive- 
muscle preparations made it easy to thmk of the nervous system 
as mert, unless strred up by some outside wmtant. It then 
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seemed necessary to look to sensory stumulation for the cause of 
any muscular contraction Now, however, 1t 1s known that the 
central nervous system 1s continuously active, and the necessity 
has disappeaied, as long as we do not ask about the patternmg, 
the tming, of muscular contractions. 

Tn fact, most of the musculature itself is contmuously actıve 
(for whatever reason), and the chief problem the psychologist 
1s concerned with, when he speaks of motivation, is not an 
aiousal of actrvity but its patternmg and duection Luttle time 
is spent discussmg the source of an anunal’s tomic contractions 
and 1andom movements, ın the first stage of a learning expen- 
ment What we have usually wanted to know 1s why the random 
movements change and become duected The mam question 
for psychology concerns the timing of muscular contractions, not 
their aiousal. 

There seems still to be some confusion on this pomt Psy- 
chological theory sometimes seems to be still looking fo. some 
extrancuial irritant to account for maternal behavior, for ex- 
ample In an earlier day, 1t was thought that maternal behavior 
must be aroused by the sensory stimulation of distended breasts, 
male sexual behavioi by distention of the semmal vesicles, the 
search for food or water by stomach contractions or dryness of 
the throat, and so on. Without exception, these deas have 
broken down Desire to dimk can occur when the throat 1s 
moist o anesthetized, eatmg contmues afte: the stomach has 
been surgically removed This pomt has been adequately dis- 
cussed by Morgan (1943) The olde: manner of thinking pei- 
sisted, however. As contradictions accumulated, a tendency 
appeared mstead to postulate “central 1eceptois” mstead of 
peripheral ones as motivating agents By this device, it 1s still 
possible to discuss motivation as a stimulation that arouses ac- 
tivity of a particular kind * 


* The umphed distinction between theories of motivation does not merely 
concern use of the word “stmulation” It 1s more than a question of defi- 
nition The sex hormones, for example, are known to have a primary action 
on the central nervous system This action might be either (1) by excit- 
ing specific cells—m which case it would be meaningful to speak of 2 
“central stumulus”—o1 (2) by changmg the excitability or frequency prop- 
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It has frequently been proposed that all behavior, and all 
learning as well, must be motivated The proposition may be 
taken m ether of two ways First, we can teat ıt as a funda- 
mental assumption We then mfer the existence of a motiva- 
tion, known m no other way, when an apparently unmotivated 
actis seen (When the rat reaches food and, before eatmg, goes 
off to some othe: pait of the maze, he must have an exploratory 
drive or motivation He has a hoardmg motivation when he 
gathers pellets of food without eatmg them ) Such a use of 
assumption 1s often legitimate, what 1t really does is define moti- 
vation or drive, and such definitions have been an essential part 
of the scientific method But here the term motivation becomes 
so broad, when all the deviations of behavior are considered, as 
to have little usefulness, except as a convenient reference to the 
fact that behavior m general ıs duected and organized The 
fate of the term becomes that of sight when all leainmg is said 
to be insightful. 

Or, secondly, one can define motivation independently, as an 
extraneual bodily condition o2 an uritant that acts on specific 
neural cells. The proposition that all behavior and leaning are 
motivated then becomes untrue, on the existing evidence, and 
with it the proposition that learnmg 1s directed only by moti- 
vation 

And yet there is an important problem heie In its simplest 
terms, the question that has bothered psychologists 1s this An 
animal learnmg to solve a problem makes some right move- 
ments, some wrong What is it that 1emfoices the 21ght ones 
and discourages the wiong? Why aie the right ones 1emem- 
bered m later tuals, the 1est forgotten? This has been a persist- 
ently baftimg problem, and its solution ıs essential to the theory 
of behavior 

The difficulty may seem tuvial If so, however, the reader 
may be beggmng the question by saying to himself, in a common- 
sense (and animistic) way, that the animal of couse can see that 
one of his movements has had the ght effect, others not But 
if the question 1s asked, What neural processes constitute the 
erties of a system of cells, without being able to mduce activity m the 


system directly If the term “stimulus” 1s to have a determinate meaning, it 
should not perhaps be overextended to include the second reference (2). 
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“seeing”? the solution ıs evidently as far off as ever The sm- 
plicity of the question of remforcement, or selective 1etention of 
some responses and not others, 1s like the sumplicity of the fun- 
damental postulates of mathematics that are taking centuries to 
ravel out. A simple common-sense answer has no value what. 
ever, the first thing one has to do is get away from the animism 
that satuates common sense Having done that, there remains 
an uncommonly difficult scientific problem. 

What tt involves will perhaps be seen best in showing tts re- 
lationship to Pavlov’s theo1y of conditioned 1eflexes Pavlov’s 
failue to solve the problem 1s one of the decisive reasons why 
psychologists have had to abandon or change the theory. 


THE THEORY OF CONDITIONED REFLEXES 


Pavlov (1927, 1928) formulated a simple iule for the occur- 
rence of learmng Any stimulus that acts 1epeatedly at the 
same time as a 1esponse will form a connection between the 
coitical cells mvolved Subsequently, the stumulus will be suff- 
cient to arouse the response (The classic example 1s a bell rung 
at feedmg time: after a number of tials, rmging the bell alone 
makes the anmmal’s mouth wate: ) The o1iginal or uncondi- 
tioned stimulus (food m the mouth) has an mnate 1elationship 
to the response The substitute or conditioned stimulus (the 
sound of the bell) has an acquired relationship The ielation- 
ship is supposed to be set up m connections from sensory to 
motor area in the cortex. 

This assumption ıs the keystone of the theory. The theory as 
a whole ıs of course much moire elaborate, with a number of 
other assumptions, but I have not oversımplified the pomt under 
discussion An afferent activity at one pomt m the cortex, and 
an efferent activity at anothe: pomt, at the same time or mme- 
diately afte: the afferent one, is all that is needed (with enough 
repetitions) to establish a senso.i-motor connection, and all be- 
havior 1s determmed by such connections, nate o1 conditioned. 

This means that all acts at the tme of a particula: stimulation 
would be associated with it, and the act that has most frequently 
occured would be most strongly associated Now im problem- 
solving, or any learnmg situation in which a number of acts are 
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possible but only one rewarded with food, “mistakes” occur fre- 
quently Often, m the fist trials of maze learnmg, the same 
mistake 1s 1epeated much more frequently than the “conect? 
behavior Yet the net effect is that mistakes vamish, and leave 
only the correct responses. Instead of being associated, the act 
that occuued frequently 1s forgotten. Its elrmination, also, can 
hardly be ascaibed to an mhibition. Pavlov defined inhibition 
as producing a cessation of activity and leadmg directly to sleep. 
But repeated mistakes do not tend to make the animal diowsy 
or motionless They are.often followed by an incieased activity 

Maze leaining, however, 1s not a very clearcut mstance For 
the theorist, a more crucial argument has been found with 
Pavlov’s own procedure, and mmor variations of t This agu- 
ment ıs m the fact that the conditioned stimulus does not evoke 
the unconditioned response, as Pavlov implied (Zene1, 1987, Hil- 
gaid and Marquis, 1940) 

The conditioned response is not a duplicate of the uncond:- 
tioned, but somethmg new All the elements of the uncondi- 
toned 1esponse may be there, but if so some of them are mint 
mal, and the total pattern 1s significantly changed When the 
dog hears the bell, he does not usually make eatmg move- 
ments, with his nose m the food dish, until the food itself ap- 
pears. Conditioned and unconditioned stimuli, then, aie not 
just two ways of arousing the same combmation of effectors 

If the objection 1s made that no one would expect the dog to 
chew and swallow until food shows up, the answer is that Pay- 
lov’s theory says he will The conditioned stimulus is supposed 
to set up connections with any following effector actwity, and 
eatmg movements follow the conditioned stimulus as much as 
the secretion of saliva does If the critic of this a.gument pots 
out that a dog is too intelligent to respond to a bell m such a 
way, he 1s really ci1ticizmg the ouginal theory A separate in- 
telligence, to tell the dog when his conditioned 1eflexes may 
operate, would be a deus ex machina One may suppose that 
the dog ıs mtelligent, but not that his mtelligence is separate 
from his neural activity, and we ale examimmg the theory that 
all higher neural activity consists only of conditioned 1eflexes * 


*The physiological and clmical hterature suggests that a number of 
workers still feel that Pavlov’s conclusions are a factual statement of what 
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MOTIVATION IN CONDITIONED-REFLEX THEORY 


Now let us see whether some principle of motivation can be 
added to the theory and thus make it able to account for the 
facts. Hull (1948) has made this addition exphcitly to show 
why “right” 1esponses become conditioned, otheis not. Hull 
proposes that those acts that are immediately followed by a 
“need 1eduction” are ietamed, and he believes that with this 
change Pavlovs main structure can stand, successfully reducing 
behavior to a set of conditioned 1eflexes. That ıs, Hull has m- 
troduced motivation as a supplementary prıncıple. The idea 
was used eailiex by Thorndike, who called it the law of effect. 

The law of effect 1s ,oughly this An act that ıs closely fol- 
lowed by satisfaction, pleasure, or comfort will be learned, one 
that ıs followed by discomfort, forgotten or elmmated Partly 
because of the 1esult of subsequent expenments, Thorndike’s 
(1931) later treatment 1s not m terms of pleasuie and pam but 
1efers to a very vaguely defined condition of “belongmg” as the 
factor that makes fo1 learnmg The response that will þe re- 


is known to go on m the cerebrum It is umportant to see the difference 
between the facts he demonstrated and the theory based on the facts 
Pavlov has deservedly had a great mfluence on psychology, and his theory 
has not been rejected because it 1s too physiological but because it does 
not agree with experiment Apparently, Pavlov isolated himself from the 
contemporary literature, and lus theory took no account of psychological 
discussions after 1900 Criticism at present 1s based on late: experiments, 
physiological as well as psychological 

The mam pots can be listed briefly. (1) S:multaneous sensory and 
motor activity 1s not enough to establish a conditioned reflex when the 
motor activity is directly aroused by stumulation of motor cortex (Loucks, 
1985, 1988) (2) The data published by Pavlov do not agree with Ins 
theory of a slow radiation of excitation across the cortex (Loucks), and 
the strychnmization method reveals a kind of cortical organization quite 
unlike what Pavlov assumed (Hilgard and Marquis, 1940) (3) Irradia- 
tion, by which Pavlov accounted for stmulus generalization, does not pro- 
vide for generalization of stimulus intensity (Hovland, 1937, Ehlgard and 
Marquis), and the theory also has considerable trouble with the land of 
pattern generalization illustrated m figure 1 (4) Finally, ıt docs not seem 
possible to translate Pavlov’s system mto terms of problem-solving or sertal 
learnmg without serious modification This is the pomt discussed m the 
text 
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membered and repeated ıs one that “belongs” im the total situa- 
tion. Unfortunately for the older and simpler law, punishment 
by electric shock for the right response may help the subject to 
lean as much as pumshmg wrong ones Mild punishment for 
etther may be bette: than no punishment, whether with animal 
or human subjects (Muenzmger, 1984, Diew, 1988, McGeoch, 
1942). It1s therefore not possible to say that discomfort always 
acts to elumimate a response. The vast literature on this issue, 
and the facts that led Thorndike along with many otheis to 
abandon the original law of effect, have been surveyed by Post- 
man (1947). 

To substitute belongimgness for comfoit and discomfoit makes 
the law of effect extemely vague and says nothing about physio- 
logical piocesses. The theory presented here can be regarded 
as an attempt to fill m the gap left by Thoindike’s t.eatment of 
this point. In psychological approach his ideas aie m many 
ways identical with those that were outlmed earlier (Chapter 6) 
They constitute, that 1s, a theory of association, as distinct from 
a theory of conditioned responses, m which an association may 
be between autonomous cential processes mstead of between 
afferent and efferent processes 

Hull (1943) has attempted to deal with the problem m another 
way, essentially by gomg back to the earher law of effect with- 
out the vagueness of Thoindike’s later formulation. Unfortu- 
nately, he has done this by retaining the idea of motivation as 
stimulation, and of all learning as consistmg fundamentally of 
sensori-motor connections. 

“Effect” becomes a reduction of need, and a need 1s defined as 
follows. “When any of the commodities or conditions necessary 
fo. mdividual o1 species survival are lackmg, or when they de- 
viate materially from the optimum, a state of primary need is 
said to exist” (Hull, 1948, p 17). Further, the need affects be- 
havior by stimulating special receptors, erthe: peripheral or m 
the bram itself (Hull actually starts out by saymg that they 
“probably” do [p. 18] but thereafter takes the point for granted, 
his argument and diagrams deal with stimulations of particular 
hypothetical cells.) 

What the theory says m short 1s this. All behavior 1s deter- 
mimed by sensory stimulations All learnmg consists of form- 
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ing or strengthening S-R connections An S-R connection 1s 
stiengthened whenever the stimulus, S, and the response, R, 
occur together and some need stimulation, N, decieases at the 
same tıme, The S-R connections amount to conditioned reflexes, 
What Hull has done, in this modification of Pavlov’s ideas, 1s to 
postulate a special class of stimulus that (1) must be present 
before learnmg can occur, and (2) must then decline The de- 
cline, and the declime only, determmes the occuiience of new 
connections, No way ıs suggested as to how the decrease of 
stimulation piomotes the formation of connections. 

To Hull’s system as a whole vigoious objections have been 
made by other psychologists. Its weakest pomt, and clearest 
departure from the facts, 1s m the treatment of motivation as 
biological need 

In the fist place, the appaiently clear and precise definition 
of a nced will not hold water A need occurs “when any of the 
commodities o1 conditions for individual or species survival are 
missing.” One of these needs 1s “the occasional presence and 
specialized recypiocal behavior of a mate” But the absence of 
a mate cannot excite sensory 1eceptois. By this definition, evi- 
dently, anothe: need is for testes m the male animal and simul- 
taneously ovaries and uterus m the female Species swvival is 
not possible otherwise But lack of testes 1s not usually a mot- 
vatmg condztion, noi can it excite receptors. The myection of 
male hormone would not affect the needs of the anımal, as de- 
fined, smce he 1s still mcapable of fe1tilizmg a female and con- 
tributing to survival of the species, Yet his behavio: sexually 1s 
that of a normal animal once the mjection has been made 

The pieciseness with which “need” has been defined 1s dlusory 
It 1s a biological statement that does not comcide with the psy- 
chological conception Hull had in mmd when he wrote Furst, 
then, ıt must appear that Hull’s reformulation of the law of effect 
1s not the precise postulate that it was meant to be A system 
of deductions that makes repeated use of 1t may have a funda- 
mental flaw. 

Secondly, the law of reinfo.cement, as 1t 1s now called, is open 
to the same ciiticism that made Thoindike abandon the law of 
effect ın its earlier form As we have seen, pain does not always 
act to elimmate a response Incidental learning, unaccompanied 
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by reward or the avoidance of punishment, does occur. Accord- 
ing to the theory, the 1at m the maze should learn nothmg about 
xt until one of his 1esponses 1s accompanied by a decrease of 
hunger or thust, or escape from electiic shock, or some sunilai 
reward. In actual fact, when he ıs allowed to run in the maze 
without reward or punishment the rat leains a good deal about 
it This is shown by the small number of errors he makes later, 
when he ıs put mto the maze hungıy and allowed to find food 
there (Blodgett, 1929, cited by Higard and Marquis, 1940) 

The third pomt ıs the extieme narrowness of the range within 
which needs as Hull has defined them must operate This 1s a 
return to the old idea that the only sources of action aie such 
things as hunger, thirst, pam and concupiscence, with mother- 
love thrown ın for good measure. Stımulatıon that ıs frequently 
associated with one of these 1s supposed to acquire the same 
kind of wnfluence It 1s not denied, therefore, that man o1 anımal 
may act without prospect of primaiy 1ewaid. But accoidmg to 
the theory these secondary motivations can be set up only by 
repeated comcidence with a primary one, and the connection 
between the two must be fiequently 1emforced thereafter 

Emphasis on biological needs seems to limit animal motiva- 
tion much too narrowly It excludes conditions that clearly m- 
fluence behavior and learnmg (Allport, 1946, p 342), and it 
may have the unfortunate effect of preventmg the student who 
takes the hypothesis seriously fiom seemg many of the facts 
of behavior For example, children spontaneously avoid dark 
places even though no unpleasant event has been associated 
with daikness (Chapter 10) They can lean what to do to 
make therr parents come into the bedroom and turn on the light 
But the “need” here is for more stimulation, not less It is the 
theoretical preoccupation with hunger, thust, sex, and avoidance 
of pain, as sources of motivation, that has led many child psy- 
chologists to deny that there is any emotional response aroused 
pimaiily by perceptual lack, such as darkness Nevertheless, 
the evidence 1s strong that such responses occur 

The pomt has been labored enough As far as one can see at 
present, 1t 1s unsatisfactory to equate motivation with biological 
need Theory built on this base has a definiteness that 1s very 
attractive, but 1t may have been obtamed at too great cost To 
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follow this lme seems to 1equue eithei a persistent disiegard of 
facts such as those referred to above or the continual addition 
of new assumptions as soon as one gets beyond the subject 
matter of the classical experiments on rote leainmg im animals 
It ıs clear of course that the prumitive diives of pam, hunger, 
and sex are often of ove:whelmmg mmportance We need an 
approach to motivation that neithe: mmimizes these things nor 
fails to provide for the umrewaided leaining that also occurs 
when the animal’s belly 1s full and ns sex drive satiated. 


AN ALTERNATIVE TREATMENT OF MOTIVATION 


The alternative treatment of motivation that 1s required by 
the piesent theory 1s here inhoduced m gencral terms and is 
made moe piecise m the followmg discussion of pam and 
hunger. This will still have some of the essential pomts of con- 
ditionmg theory as developed o1igmally by Pavlov and later by 
Hull The differentiation of two stages oi levels of leainmg 
(first, the assembly of cerebral cells, and second the establish- 
ment of connections between assemblies) makes 1t possible, pei- 
haps, to teat motivation m a Pavlovian way without mseitmg 
a special postulate m the theoretical structure. Pavlov neces- 
sanly thought m terms of a sensori-motor conditionmg, but, with 
the data available from electrophysiology of the central nervous 
system, one can conceive of conditionmg as the establishment of 
relations between cerebral neurons (in the fist place) and be- 
tween systems of neurons (mm the second) The result, as I have 
suggested, ıs a theory of associations, fiom another pomt of 
view, It 1s a way of incorporating some of the advantages of asso- 
ciation theory mto a theory of conditionmg—a common ground 
perhaps for Thorndike (1931) or Woodworth (1938), with Hull 
(1943) or Guthe (1946) 

Learnmg accordmg to the present ideas consists of a lastmg 
change of facilitations between the activities of specific newal 
stiuctures The change results when two structures (single 
pathways or assemblies) that have sufficient anatomical con- 
nections are active at the same time The fist learnmg estab- 
lishes an organization of mdividual transmission units mto an 
assembly But later learning, the kd that 1s usually studied 
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experimentally, 1s a change of facilitation between oiganized 
systems, a changed mteraction between one complex of assembly 
actions and another. In the termmology of Chapters 5 and 6, 
learnmg 1s a change of 1elationship between cortical phase se- 
quences—or conceptual activities—because of thew havmg oc- 
curred together 

It then follows that the expe:mmente: who wants an animal to 
learn some paiticula: thmg must achieve some contol of the 
phase sequence In a smgle envuonment, the phase sequence 
may be extiemely variable Puttmg an anımal mto a particular 
situation does not detexmme what particular conceptual activity 
will 1esult Therefore, 1t cannot determme that a facilitation 
will be established between the conceptual activities the expeii- 
menter is mterested m When the expermenter takes further 
steps to lmit the varety of conceptual actıvıty that will occu 
in an animal, he sets up a motivation The term motivation then 
refeis (1) to the existence of an organized phase sequence, (2) 
to its duection or content, and (8) to its peisistence in a given 
duection, or stability of content 

This deftiution means that “motivation” is not a distinctive 
piocess, but a 1eference im another context to the same piocesses 
to which “msight” refers, 1t also means that the waking, noimal 
adult animal always has some motivation (because of items 1 
and 2 im the definition) though its peisistence m any one direc- 
tion (8) may not be great 

If a bodily need 1s found to lmit the vanability of cential 
newal action, 1t can be used expeiimentally to contiol learning, 
but this of course 1s quite different from saying that the animal 
will learn nothmg unless he has fist been deprived of food or 
injured by electric shock Waıthout such means of contol one 
1s less able to predict what will be learned im a given situation, 
but one would still expect some leainmg to occur 

Now we have to ask how such bodily conditions can control 
conceptual activities Furst, pain 


PAIN 


The relationship of pam to leainmg has aheady been taken 
for granted, in the assumption that ceitam afferent processes act 
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primatily to disrupt central neural activities (p 150) Disrup- 
tive processes are a general classification that mcludes more 
than pam. In most sensory modes there ıs an mtensıty lımen 
at which avoidance appears. Below this pot, the stimulation 
may be sought out—that 1s, it 1s “pleasant”; above it, the same 
kind of stzmulation produces avoidance and, if the avoidance 4s 
unsuccessful, behavioral disturbance Waith different kmds of 
stimulation, the avoidance men falls m a different pait of the 
intensity range Pan ıs not unique, but may seem so partly be- 
cause there is a gieat xange of mtensity above the lmen of mitial 
avoidance Pam, therefore, as a particular class of event, 1s 
regarded here as a disturbance o1igmating m the somesthetic 
afferent system, though its mechanism may be lıke that of dis- 
turbance o1igimatmg fiom certam sounds, smells, or tastes 

It should be understood that we are not mamly concerned here 
with the conscious experience of pam, and consequently that the 
class of event discussed ıs not quite cotermmous with pain as 
discussed ım the mtiospectıve hterature There 1s, fo. example, 
what has been called “pleasant pam,” which wul not be discussed 
apart fiom pomtmg out that the phenomenon may be exactly 
parallel to “thnll” or pleasant fear (p 288). 

I class pam then as a dis.uptive somesthetic event The dis- 
ruptive action is usually limited, and 1s mamly at higher levels 
m the biam stem or ın the cortex At the spinal level, tissue 
mjury may arouse only mtegiated reflex responses (Sherrmgton, 
1906), At the thalamo-cortical level, the disturbance must still 
be focalized, smce of course pain is referred to specific parts of 
the body Its effects may be widespread, but if the distubance 
becomes 1eally general it 1s emotion, not pam. 

With these assumptions, ıt has been shown how pam might 
contiol leammg by dis:uptmg one phase sequence, leaving 
another unmolested Essentially, this 1s a limitation of concep- 
tual processes in a given envuonment Pam then ıs a means of 
channeling motivation, as motivation was defined in the preceding 
section It 1s not a source of learnmg, from this pomt of view, 
but limits and duects t However, pam does have an energizing 
effect on behavior, and m some circumstances it appears to fa- 
cilitate learnmg duectly To this possibility I shall return. 

Now let us see what the assumptions mean concernmg pam 
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itself There have been in general two theories of pain (Morgan, 
1943). In one, pain is not a special sensory mode but an effect 
of oveistimulation of receptors for heat, cold, or pressure. In 
the other, pain is a sensory mode wıth ıts special receptors, 
perpheral nerve fibers, and conduction paths ın the spmal cord 
Each of these theories has ıts dıfficulties, each has something to 
recommend ıt The two seem to have been thought of as mu- 
tually mcompatible, and exhaustive: if one 1s proved wrong, the 
other must be 11ght But followmg up a suggestion made by 
Nafe (1934),* and making a comparatively small change m each 
theory, we can find a way of combmmg them The combmation 
has the best features of both, and covers certam facts that may 
be equally destiuctive of erthe: theory smgly 

Agamst the first, perypheral-mtensity theory, ıs the existence 
of pam spots in the skm. here a weak stymulation can arouse 
pam, although a much stronger stimulation elsewhere does not 
Pam seems also to depend mainly on the activity of C fibers ın 
the sensory nerve This m itself denies that mtensity 1s all that 
matters m pamm, but, even more, intensity im neuwal terms must 
be a matter of ımpulses per second, and C fibers are the very 
ones m which conduction 1s slowest and which deliver the fewest 
number of impulses per second to any one pomt in the nervous 
system. 

However, there are strong aiguments agamst the alte:native, 
sensory-mode theory If pamm ıs a sensory mode, 1t 1s known that 
its receptors must be free neive endings, and free nerve endings 
are also known to mediate pressure There may of course be 
two kinds of free nerve ending, histologically mdistinguishable 
However, very weak or very brief stimulation of pam spots o1 
pain fibers produces no pain, as Nafe has pointed out, this has 
obliged supporters of the sensory-mode theory to hold that there 
may be “nonpainful pam” 

Also, it 1s not at all clea: that pain can be pe:manently abol- 
ished by clean surgical section of one or two of the tracts only, 


* And see Weddel, Smclai, and Femdel (1948), whose views m some 
respects are identical with those elaborated here Wort, Stem, and 
Jolhffe (1942) have also anticipated some of this treatment They sug- 
gested that the faster-running impulses ın A fibers can prevent C unpulses 
from traversing certam synapses, so preventing pam 
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in each side of the spmal cord there are tracts that are mamly 
mvolved in the production of pam, but ate they solely mvolved 
in ıt? Fimally, there 1s no specialized cortical area for pam as 
there is for touch, and apparently no specialized pam nucle: m 
the diencephalon or lowe: biam stem if specialized tracts for 
the conduction of pain do exist, what do they conduct to, other 
than the centers of somesthesis? 

The suggestion of Nafe, to which I have alieady referred, 1s 
that pam somehow concerns the patternmg of cental activities 
aroused by the pam stimulus, and with this ıt seems that the 
main contentions of both classical theo1res can be combmed 
Let us forget peripheral mtensity, as the essential determmant 
of pain, and think mstead of a central intensity that could, as 
we shall see in a moment, be mrhated by a weak stimulus m the 
periphery as well as by a strong one Let us also suppose that 
the pam fibeis do not mevitably mediate pam, that the slow 
impulses, and the cential connections of these fibers, are such 
that they are peculiarly effective m producmg sudden massive 
discharges mm somesthetic nucle: at thalamic or cortical level, 
with a widespread effect This would be pam. Isolated strmu- 
lation of a pam spot then would not necessarily produce pam 
but would usually do so 

Tt 1s a highly significant fact that pam ıs often the result of 
conditions that must decrease sensory activity, mcluding activity 
m the pam fibeis o: then central connections As Lashley 
(1938c) has observed, pam ıs often an accompaniment of m- 
jury to the somesthetic system all the way fiom peripheral 
nerve to thalamus In some cases, the pam may be due to wrr- 
tation, but m many cases thete 1s little basis for the assumption, 
1f the facts can be explamed without it As the work of Adrian 
(1934) and Weiss (1941a) has shown, an essential function of 
normal sensation 1s a regulation of central firmg, without con- 
trol, the fing is spasmodic or with a local hypersynchiony, with 
it, the celis do not build up to the pomt of spontaneous dis- 
charge but are fned diffusely m a frequently varymg pattern 
If higher somesthetie nucleı are deafferented, everythmg we 
know about newal function mdıcates that the cells must even- 
tually fine, and fire more o1 less m synchiony, with massive jolts 
to other nucle: connected with them When it 1s supposed that 
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pain may be a disruptive activity at the cortical level, 1t must 
be supposed also that a conceivable source of pam 1s a decrease 
or absence of peripheral sensory activity, even in pam fibers 

This hypothesis does not specify what kind of disturbance con- 
stitutes pam Evidently there are deviations fiom normal sen- 
sory function, mcludmg hypofunctions, that neve: mvolve pai, 
so the hypothesis ıs ceitamly not complete As for pam m 
healthy persons, the predommantly slow impulses in the sensory 
nerve may produce pam only (1) because of some peculiarity 
m the pattern of thalamic activity they arouse, apart hom total 
frequency of mpulses m a given part of the afferent tract (ie, 
apart from mtensity at this level) Alternatively, pam may occur 
(2) because the slow impulses are pecularly effective ın arous- 
mg excessive bursts of firmg fiom the thalamus Ether expla- 
nation will suit my moire general thesis, though the second 1s the 
one I have prefemed But the essential pomt 1s this a theory 
of pam must provide for the fact that an mcrease of pain often 
results fiom hypofunction in afferent structues 

I have already referred to Lashley’s observation, that pain 
may follow lesions anywhere in the somesthetic system up to 
the thalamic level In Head’s (1920) classic expeimment on the 
regeneration of cutaneous nerve, hyperalgesia was piomment 
According to Bormg (1916) the hyperalgesia is not a lowermg 
of the pam threshold Thresholds, mcludmg that fo. pain, aie 
raised, yet the pam when it does occur may be of extreme 
sevelity Wolff and Hardy (1947, p 178) make the same pont, 
concernmg patients with thalamic lesions It seems obvious that 
the mse of threshold means a deciease ın the total amount of 
afferent activity The pam that ıs so often felt m the phantom 
lamb (Riddoch, 1941) also seems an obvious accompaniment of 
a decreased sensory activity After amputation, regeneratmg 
nerves may form neuiomas that ate a source of senso1y m1itation. 
But ıt is very unlikely that the total of this afferent activity can 
be as great as would result from the use of the whole limb, and 
why should pam fibers ın the neuroma be more 1ritable than m 
the normal lımb? Neuralgıa, finally, ıs usually thought ot as an 
uwritation, as a hyperfunction that must be reduced by deaden- 
img the nerve But only too often an injection of the nerve fails 
to work—just as might be expected if the pam, im such cases, 1s 
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essentially related to a hypofunction The origimal source of the 
neuralgia must have been a pathological process in the nerve or 
the nucle: to which it leads. It 1s highly improbable that a 
pathological process can mctease the efficiency of any fiber, even 
a pain fiber, ıs 1t not more likely that total afferent activity has 
decreased, and that a disiuption of central trmmg has resulted 
from an mcomplete peripheral contiol of cential activity? 

Return for a moment to the olde: theories of pam. The evi- 
dence concernmg hypofunction directly denes the theory of 
peripheral mtensity It also makes difficulty fo. the sensory- 
mode theory, but a more clearcut aigument against the latter 1s 
found m the fact that the pattern or combination of stimul is 
often the decisive factor fo. the occuence of pam Stimulation 
of A produces pain, of A and B together, no pain. The clearest 
example has been provided by Head (1920) Stimulatmg the 
tip of the glans pemis with water at 45° C. ıs pamful, but the 
pain totally disappears when the glans 1s immersed more deeply 
m the water. Such facts mght be accounted for if pam m- 
pulses are “hibited” by othe: sensory mpulses, but this expla- 
nation has really grave difficulties 

The difficulties of the mhibition idea are clearest ıf we con- 
side1 an organ, such as a sound tooth, that contams pam fibers 
but has neve: been the site of pam We can hardly suppose that 
there are normal neive fibers that have never once been active 
ovel an individual’s lifetrme It we suppose that they are active, 
but at a low level that 1s not 1ecognized as pam, then we have 
conceded that the activity of the pain fiber docs not essentially 
mediate pam, and the alternative 1s to suppose that an mhibr- 
tory action of othe: fibeis has thoughout a lifetume prevented 
the occurrence of pam It is very doubtful that an mhuibitory 
process can be so umfoimly and continuously efficient (p 212) 

It seems in short that the pam 1ecepto1s n a sound tooth, or 
in the coinea of an eye that has had no gut in it fo. months, 
must have some othe: function—with weak or bitef stimulations, 
that they are pressure receptors as well It 1s still 1easonable to 
think of them as pain 1eceptors if, as 1 seems, the thalamus m- 
nately has a very low tolerance for the activity they imitate, xf 
their action tends innately to result m a disruption of any be- 
havior that is accompanied by tissue damage 
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It may be objected that pam 1s a unique sensory experience, 
and therefore that it must have its special receptors and central 
connections which serve no othe: function. But competent in- 
trospective observation has always found moie than one kind of 
pam expeiience, and Titchene: (1920) gives four: prick, clear 
pam, quick pam, and ache, each no more closely related to 


Tickle 


Prick 





Strain 


Neutral 
pressure 


Ficunz 18 Diagram from Titchener, 1920, showmg the mdependence of 
various kinds of pam, mtrospectively determmed By permission of the 
American Jounal of Psychology, Karl M Dallenbach, Editor 


another accoiding to Ins diagram (figme 18) than quick paim is 
to bright pressure or to itch * Clearly, the subjective evidence 
in itself does not establish a separate modality of pam, mteinally 
unified, and distunctive from others How then have we anved 
at this pression of uniqueness? 

I have already suggested that pain may seem unique because 
the lmen of avoidance m the mtensity 1ange of the pam 


* Professor Dallenbach, m a personal communication, has poimted out 
that other evidence may render this account of pam, by Titchener, out of 
date I cite 1t here, however, as showing that competent mtrospective 
observation does not mevitably find pai to be a single entity, whatever 
the conclusion from other experrments may be Professor Dallenbach has 
drawn my attention also to his mgenious experiments with Burns, Stone, 
and Edes (Dallenbach, K M, “Pam history and present status,” Amer J 
Psychol , 1939, 52, 881-347), which controvert the theory that pam 1s 1m- 
tensive stumulation of tactual receptors only, but do not appear sufficient to 
show that rt 15 a separate and coequal sensory mode 
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strmulus is so low It may also seem unique because the char- 
acteristic event causmg it, damage to body tissue, 1s not umme- 
diately 1eversible. Once the damage 1s done the stimulation of 
nerve contmues and avoidance does not put an end to ıt It is 
common knowledge that there are noises that aie almost unbeai- 
able, although the fact 1s hard to demonstrate in the laboratory 
(Miller, 1947) But one can move away fiom the noise or cover 
the ears, at once decreasing the mtensity of simulation These 
conditions must tend to determme a special kind of learnmng 
related to pam, with a more strongly maiked avoidance and a 
greater emotional element, even though the mechanism of the 
disturbance when it does occur 1s the same m different sensory 
systems. 

Let me say agam that this hypothesis of pain is mcomplete 
Hypofunction often occu1s without pam, syrmgomyelia, a de- 
generative disease of the cord, provides an outstandmg example 
The hypothesis 1s of value in suggestmg how pain may result 
from hypofunction, and m reconciling divergent views of normal 
pain Intensity 1s still a factor, but at the cortical or thalamic 
level, and the arousal of C fibers may still have a special sen- 
sory quale, not disruptive of behavio. at the veiy lowest level 
of intensity or duration, but promptly becommg disruptive un- 
less they are part of a much more extensive stimulation that has 
a thoroughly well-oiganized cential action This central organı- 
zation would be a diffuse firmg, and would make mmpossible what- 
ever pattern of local synchronization 1t 1s, m the ventral nucleus 
of the thalamus, that leads to local disruption m the cortical 
somesthetic area and so constitutes pam 

It may be proposed that the optimal condition for the arousal 
of pam without gross bodily mywy ıs a punctate stimulation of 
the relatively inefficient C fibeis—bemg mefficient, they do not 
readily set up a well-organized central action, and, accordingly, 
that it 1s not a complete hypofunction of afferent systems that 
conduces toward pam, but a decreased efficiency. Higher somes- 
thetic nucle: then lack thew normal degree of sensory control 
and become hypei-1esponsive, and yet aie still exposed to an in- 
termittent “triggermg” from peirpheral stimulation A complete 
deafferentmg consequently would fully elmmate pam, while 
pathological changes without complete dest: uction, up to and per- 
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haps including the nucleus ventralis thalami, would increase ıt. 
Specifically, lesions of perzypheral nerve would then be con- 
sidered to have 1educed the efficiency of A fibers to that of C 
ibers—that 1s, make them mto pam fibers, higher lesions would 
have a simila: eftect by reducmg the efficiency of A-fiber con- 
tol of thalamic and cortical tissue. It would thus be concer- 
able also that “quick pam” could be aroused by undamaged A 
fibers, though less 1eadily, smce thew contiol 1s moue efficient 
than that of the C fiber 
It ıs possible now to complete the picture of pam as elated to 
learnmg, and especially as having a positive value m leainmg 
The psychological entity pam must be a disiuptive action at the 
cortical level, but the pam stimulus has other effects In the 
spmal anımal, ıt may arouse only a well-coordinated 1eflex avoid- 
ance (Sherimgton, 1906) In the diencephalic animal, it 1s 
likely to produce sham rage, with an mtegiated action of the 
whole organism (Baid, 1984) It has been seen m the preced- 
mg paragraphs that the stimulus that by itself arouses pam may 
have no such eflect when combined with othe: stimulation 
The pam stimulus alouses pam when its central action 1s un- 
orgamzcd and imterteres with othe1, organized action, but not 
when xt enters into and forms pairt of an orgamzed newal action 
Pavlov (1928) and Liddell (1944) have shown that the dis- 
turbig effects of cuttmg and burnmg the dog’s skin disappear 
completely when the pam stimulus 1s 1egulaily followed by feed- 
mg, m the conditioned-reflex proceduie The transformation 
from typical pam i1esponses to feeding 1esponses was giadual, 
once 1t was established, there was immediate 1elapse when the 
site of pam stimulation was changed to new paits of the body 
This means that there were synaptic changes im the cortical 
region in which the focal pam distuibance originally occuned, 
leadmg to the disappearance of pain from one 1egion of the 
body, not fiom others In that one 1egion, the pain stimulation 
now aroused organized cortical activity This conclusion 1s 
meaningful for the observation of Muenzinger (1934) and Diew 
(1988) that givmg a 1at electric shock for the correct 1esponse 
(followed of couse by food) mcreases the rate of learnmg In 
Drew's experiments, when the food itself was electuified so that 
the rat got a shock with every bite, eatmg was voracious In 
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such a case, once the central cftects of the pam stimulus have 
become organized, we must 1egard the stimulus as essentially 
motivatmg just as a blow of the whip may be motivating and 
energizing to a racehorse that appears already to be exertmng 
himself to the utmost-a further stimulation that adds to the 
effectıveness of a pre-exıstent cerebral control of behavior. 


HUNGER 


The treatment by Morgan (1943) ıs taken here as a basis for 
discussing the problem of hunger, with two questions to be kept 
m mind. how the approach to motivation outlned m_ this 
chapter accords with the expermmental facts of hunger, and 
whether it can be of any futher value for undeistanding the 
behavior mvolved 

The fundamental problem ıs to know what controls the mitia- 
tion and ter:mmaton of eatmg (or drmking). Hunger ıs defined 
here as the tendency to eat, conscious awareness O01 verbal report 
of hunger ıs ımportant only as a convenient mdex of that tend- 
ency Eatmg is not necessaily dependent on the occunience of 
stomach contactions, smce the surgical removal o1 deneivation 
of the stomach does not prevent or decrease it It ıs not neces- 
sarily dependent on blood-sugai level, smce hunge1 1s reported 
when the blood-sugar level has not changed (Scott, Scott, and 
Luckhardt, 1988) Both stomach contractions and blood sugar 
are related to hunger, but m no simple way. 

The termmation of eatmg also has no simple control The 
animal that has been starved cats more than one that is well fed, 
but the termmation of eating comes before the food can have 
much effect on bodily tissues <A thnsty animal will drink ap- 
proximately the amount of his wate: deficit, and stops dimking 
before the water has been absorbed The expernment can be 
done m fact with a dog with a fistula in his throat, so that little 
if any of the wate: 1s absorbed, yet “satiation” occurs ( Bellows, 
1939) 

The problem 1s complicated but not fundamentally changed 
by the demonstration that there ıs not one but a number of 
hungers (Richter, Holt, and Barelare, 1988, Young, 1941) The 
rat lacking any one of a dozen or so substances will choose a 
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diet contaming that substance, selectively correcting a specific 
deficiency We still have the same problem what ıs tt that mr- 
tates the eating of salt or sugar, or drmkmg water, and what 
teammates 1t? Appetite and satiation aie selective, but 1t 1s de- 
swable if we can to avoid postulating fifteen or twenty mecha- 
nisms (allowimg for future discovery of othe: hungeis besides 
those we already know), all m contiol of normal eatmg If pos- 
sıble, we must find a sıngle mechanısm to comprehend the facts 

The newial mechanism that determmes such motivated be- 
havior as eatmg o1 sex activity Morgan has called the “central 
motive state” Thus, for the theory presented in this book, evi- 
dently 1s a phase sequence or conceptual activity It does not 
require that we postulate a special process to deal with hunger, 
but only that the process already postulated have some distine- 
tie feature for each of the separate hungers Conceptual series 
A, B, and C might correspond to one hunger, A, B, and D to 
another, and so on 

The total process would fit Morgan’s specfications for the cen- 
tial motive state, smce (1) the phase sequence 1s mdependent 
of put from any specific sensory mode, (2) it has a cental 
pumuing action that remfoices some sensory stimulations and not 
others, and (3) it evokes spectfic forms of behavior, smce each 
phase ın the phase sequence may have its specific motor faculi- 
tation Morgan’s final specification (4) 1s that the central mo- 
tive state arouses general activity o1 restlessness for the present 
theory, this 1s qualified by saying that the restlessness must occu 
only when the environment fails to supply the specie stimula- 
tion that the central motive state would 1emfo1ce—that 1s, when 
the hungry anımal ıs not exposed to food, or the sexually moti- 
vated anımal does not have a sex partner at hand 

This pomt ıs of some ımportance We must distinguish be- 
tween an integiative, motivatmg effect of a lack of food, and a 
dismtegiative one The mtegiative action appeais ın any pur- 
poseful search for food, and m eatmg That it occurs, m the 
experienced anımal and ın a famthat envnonment, 1s an evident 
fact, 1t 1s the real fact with which most discussions of hunger 
have been concerned. But the picture will not be complete if 
we 1ecognize only this aspect of the problem, and assume m- 
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plicitly that the physiological need of food equals hunge: (that 
is, the tendency to eat) 

There are two 1easons for denymg such an assumption One 
is that leainmg is involved m hunger, as we shall see m a mo- 
ment The othe: ıs that, untl this learnmg has occuned, the 
lack of tood ıs apt to be disiuptive of behavior The effect of 
the lack appears m restlessness, which 1s not dnected behavior 
but implies an mmstabuility of direction restlessness as such is not 
a puposeful sceking but activity without purpose With more 
experience, the restlessness becomes a directed seaich  Bho- 
logically, 1t has served a puipose, having made a certam kmd 
of learnmg possible, but this does not make ıt, from the psycho- 
logical pomt of view, purposeful—and the pomt here 1s that the 
furst effect of a lack of food is not an incieased duectedness in 
behavioi (unless the mouth happens to be m actual contact with 
the nipple, when there 1s directedness at the reflex level) 

Even in experienced subjects the need of food has disintegrat- 
ing effects The ielation of hunger to emotional disturbance 1s 
notorious, and Goodenough (1931) has shown it clearly m a 
study of anger in childien Lack of food, o1 of some particular 
element m the diet, such as salt (Saphn, 1945), can produce 
pıofound and lastmg emotional disturbances 

Furthermore, hunger 1tself—the tendency to eat—may þe dis- 
rupted by a lack of food Hunger piactcally disappears about 
the fourth day of stmuvatıon m man, and there may even be a 
“Lepugnance” to food (Cailson, 1916) In the rat, the rate of 
eating is markedly lowered by the fourth day, and the amount 
eaten is also low (Bousfield, 1985) Physical changes ın the ah- 
mentary canal would account for the smalle: total mtake, and 
even perhaps for a 50 per cent declne m the rate, but they would 
not account for a total loss of human appetite if the neural 
mechanism of hunge: were undisturbed 

In chromic starvation, howevei, the hunge: mechanism seems 
undisturbed even though the degice of malnutrition may be 
great Is it possible that the difference here 1s due to leaning, 
in the same way that learnmg changes the iestlessness of the 
first need of food mto a directed search? Let us look at some 
evidence concerning the relation of learnmg to hunger, before 
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returning to the question of how a lack of food might disor ganize 
behavior 

It is common knowledge that a person eatıng on an regular 
schedule when he ıs used to a regular one, and so without his 
usual envnonmental cues fo. eatmg, may be “hungry without 
knowmg it” With a deficiency sufficient to produce headache 
and wittability, he may find out what ıs wiong only when food 
tastes unusually good or when his symptoms disappeai as a 
consequence of eatmg The fact obviously suggests that eating 
1s partly a learned 1esponse to certam environmental events. 
Hungei, defined as the excitation of a neural mechanism that 
controls eating, 1s not a simple direct product of a need for food. 
There are cognitive factors to be considered when hunger 1s 
studied ın the mature anımal 

Tt does not affect the value of Richter’s study of food prefer- 
ences (Richte: et al, 1938) to recognize that his method clearly 
peimits of a short-term leainmg as a factor in preference Young 
(1944) and Beebe-Centei, Coffin, and MacLeod * m fact have 
shown that the learnmg has a strong mfluence 

Also, it 1s well known that tame laboratory 1ats deprived of 
food, taken from their cages and offered food m a strange place, 
will for some time eat little or nothmg. Before he will run in 
a maze for food 1ewaid, the rat must be given the 1outme “pie- 
liminary trammg,” extendmg over a period of days Inanition, 
meanwhile, may become extteme It has been generally sup- 
posed that the failure to eat 1s due to an mdependent emotional 
disturbance, but some prelimmaiy experments (to be reported 
m more detail elsewhere) suggest strongly that this 1s not the 
whole explanation, 

Six rats were thoroughly habituated to an enclosed field, con- 
tammg a number of movable objects, ove: an 8-day peiiod 
Then they weie deprived of food for 24 hours, and put mto the 
field with food and water present The amount of time each 
rat spent eating, im a period of 120 seconds, was recorded The 
procedure was repeated a number of times as one would cary 
out a learnmg expeiment, to see whether the amount eaten 
would be affected by “practice”—whether it would be small at 
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first, and mcrease on subsequent days, whethe: “forgetting” 
would occui when piactice was intenupted, and whether 
changes m the environment might change the 1esponse, but 
without inducmg emotional disturbance to account for failure 
to eat 

The amount that a 1at can eat mn 120 seconds 1s not nearly 
enough to mamta health, but the average time spent eating 
in the first test was only 79 seconds, one 1at eating for as short 
a time as 85 seconds On subsequent days, the amount in- 
cieased, dropped whenever practice was inteirupted (1e, after 
the rats had been left for a few days in then cages with food 
and wate: present, before bemg tested agam) and 10se once 
more when practice was resumed, and dropped with each 
change im the anangement of objects in the expeimmental enyi- 
ronment The changes induced exploration but no evident signs 
of emotion It 1s also important to note that there was no tend- 
ency to take a bite of food and then explore, or even to take 
a quick bite whenever exploration brought the animal near the 
food (this shows up later, as the rat becomes more sophisti- 
cated ) 

A second experiment was done to check on these results, and 
also to see what would happen when exploration was eliminated 
In this experiment 10 rats (from anothe: colony) wete tested 
individually ın a vg cage, bemg allowed food for 300 seconds 
after a 24-hour deprivation, and agam after a 48-hom depuiva- 
tion. The average time spent eatmg was again low on the first 
test—41 seconds one animal ate for as short a time as 5 seconds, 
On the second test, the average 10se to 140 seconds. But the 
total amount eaten was still estimated to be not more than one- 
tenth of what would be necessary to mamtam even a depleted 
body-weight 

It seems therefore that the 1at must lean to eat the amount 
he needs, and “satiation’—cessation of eatmg when no external 
event has occurred to mtenupt 1t—occurs before the physio- 
logical needs of the unsophisticated animal have been met 

These results agiee with the mdications that human hunger is 
partly dependent on bemg aroused by events associated with 
eatg They also show that a theory of hunger does not neces- 
sarıly have to account for an automatıc regulatıon of the amount 
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eaten, that will yust equal the amount needed The termination 
of eating or chinkmg may be determined by experience, m part 
at least (but partly as the termination of other pleasurable ac- 
tivities 1s determined, by a kind of fatigue Chapter 9) This 
leainmg process 1s prolonged I have the mmpvession that the 
rat, offered food for short periods only, at 24-hour inteivals, will 
take from 3 to 5 weeks before he gets to the pomt of promptly 
eating the amount of his food deficit as soon as food is made 
available. 

Must there not be something of the same sort of learnmg m 
the hunge: of the dog and cat? The experiment suggests that 
when hunger im the dog 1s to be studied it will be necessary to 
know the anmmal’s history or, better, to rear the animal in the 
laboratory with a systematic control of his experience of the 
need of food Data obtamed when this has not been done may 
make hunger appear more an innately established process than 
it actually 1s 


METABOLIC FACTORS DISTURBING BEHAVIOR 


The evidence discussed in the preceding section has mdicated, 
first, that lack of food tends to disiupt behavior, produemg rest- 
lessness, discomfoit, writability, and, m the extreme degree, emo- 
tional apathy Secondly, a learnmg process seems to be mvolved 
in transformmg this primitive distuibance mto hunger as we 
know it in the adult animal or human bemg 

We may now ask what the source of the origmal disturbance 
is before considermg (in the next section) the processes that 
transform ıt The present discussion, prmmatily of the origins 
of hunger, has a bioader implication and will be relevant also to 
the problem of emotional disturbance due to metabolic disorders 

It is well established that the need for food affects the central 
nervous system directly, through changes m the blood content 
(Morgan, 1943). (There may of course be peripheral effects as 
well) The effect of chemical changes m the blood content 
would mfluence the 1ate of firmg of the nerve cell A nutritive 
deficiency may be thought of as usually lowermg the rate, 
though a calcium deficiency might 1aise 1t (Lehmann, 1937a, 
Bronk, 1989), the important thmg bemg the change of rate 
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rather than the direction of change. It must also be assumed 
that any particula: chemical mfluence would not affect all cells 
equally. There is a considerable variety m the make-up of cen- 
tial neural cells and their 1eaction to changes of blood content 
This ıs shown mm the selective susceptibility of particular pats 
of the central nervous system to particular diseases and toxms, 
it is also shown in the differential effects of anoxia and of varous 
anesthesias The fiumg of some cells may be especially changed 
by a lack of thiaamim, others by hypochlo:emia, and still others 
by hypoglycemia. 

Now it has been seen that neural mtegration is fundamentally 
a question of tuming, quite apart from the particular theory of 
mtegration that has been developed m these pages. Metabolic 
changes, by alte:mg time ielations m neual fiimg, must tend to 
disrupt behavior—not merely slow it up, but disorganize it 

In the present theory, trmmg has its effect m the functionmg 
of the cell-assembly and the mtetrelation of assemblies diffuse, 
anatomically wregular structures that function biiefly as closed 
systems, and do so only by vutue of the trme 1elations m the 
firmg of constituent cells. Synaptic changes are necessary to 
the setting up of an assembly, but these act by coordmatmg 
the action of two o1 more cells The firmg of one cell mme- 
diately afte: another is not determmed by synaptic knobs alone 
but also by what 1s going on m some other cell or cells. Synaptic 
knobs alone cannot determme that a particular system will func- 
tion as such 

Furthermore, an individual cell 01 ttansmission unit may entei 
into more than one assembly, at different trmes Which it will 
form part of, at any moment, depends on tmmg im other cells, 
and to enter mto any assembly 1equires that its frequency ac- 
cord with the time properties of the active system If a meta- 
bolic change affects one cell much more than othe: cells in the 
system, 1t must drop out, if enough cells diop out, the assembly 
does not function 

If, mstead, all the cells m an assembly ae affected to about 
the same extent, the system would contmue to function, but the 
facilitation delivered to other assemblies might be modified in 
a way that would distuib, or 1edirect, the phase sequence (that 
1s, the sequence of assembly actions). 
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At any one moment, the action of an assembly may be con- 
sidered to be on an all-oi-none basis, the system functions as 
such, or it does not But an affected assembly might function 
at one time and not at anothe1, m agreement with the statistical 
approach of Chapte: 4 Suppose for example that the function- 
1ng of an assembly requnes the actıvıty of n pathways m paallel 
at some pomt m the system, and that n + 4 are anatomically avail- 
able At any tıme, some pathways are refractory but there 1s 
nomally a magn of 4 at this pomt, mamtamıng the operation 
of the system. If now a change of blood content lengthens the 
recovery cycle of some of these cells, the average number of 
refractory pathways might 11se from 2 to 3, say, and the upper 
limit of the number fiom 4 to 6 When 5 o1 6 are refractory, the 
numbei of available pathways would fall to n—1 or n—2, and 
the assembly does not function for the moment A half second 
later, it might agam be responsive 

One might assume that longer-established assemblies would 
have ın general greater safety margins With the greater devel- 
opment of synaptic knobs, due to more frequent activity, the 
numbei n might decrease (p 66), This would imply that oldet 
habits, and Jonger-established memories, would be most 1esistant 
to disruption by metabolic changes of blood content 

In general terms, these ideas provide a iationale for the ac- 
tually obse:ved disturbance of behavio: that may result fiom 
changes of blood content, whether m hunger or otherwise In 
hunger itself, the blood change might be a lack, as m hypo- 
glycemia, 01 1t might be the addition of the “hunge: hormone” 
of Luckhardt and Cailson (1915) and Morgan (1943) This 
would be a substance liberated by depleted body tissues, with 
a selective effect on the firmg of neural cells 


THE MECHANISM OF LEARNING IN HUNGER 


The facts discussed carliex, showmg an element of learnmg 
m hunger, leave 100m at present for a considerable difference 
of opmion as to how large a part it plays In order to further 
define the problem for 1eseaich, let us assume for the moment 
that the mnate factor consists only of the reflexes of suckmg, 
chewing, and swallowing, of spittmg out noxious substances, and 
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of the activities of the gastromtestinal tract—that all else is 
learned.* The deficiencies of this approach will help us to dis- 
cover what facts are needed for a better undeistanding 

Strmulation of the lips of the newborn mfant elicits sucking, 
as a reflex activity. The same stimulation stops hunger contrac- 
tions, and the effect 1s mcreased by the stimulation of taste buds 
and by swallowmg (Cailson, 1916). In the adult at least the 
effect of stomach contractions 1s 1elated to pam (“hunger is an 
uncomfortable pam sensation caused by stomach contractions” 
Carlson, p 97)—muld, but pamful In the mfant, also, the be- 
havior accompanying strong stomach contiactions 1s m general 
not to be distinguished from the effects of a loose safety-pm in 
the diaper 

Consequently, hunger contractions should have the same role 
as pam in thei effect on learnmg As the contractions begin 
and get stronger, some time afte: suckling, there would be an in- 
creasing disturbance of the mtrinsic organization of activity m the 
infant’s cerebium (p 121) This organization 1t will be 1ecalled 
makes fo. mactivity m behavior, othe: than 1eflex behavior, as 
it 1s broken wp, an mereasing restlessness should be expected 
As a result, the moving mouth is likely to make contact with 
the nipple. Reflex suckmg follows, with a furthe1 strmulation of 
taste buds and swallowmg stornach contiactions cease, and the 
1estlessness disappears 

Later, as the mfant becomes moie mobile and explores more 
of his environment, otha thmgs are mvestigated and enter the 
mouth, with sumilar effects Some things produce, peihaps, too 
strong a stimulation of salt, sour, or bitte: receptors and aie spit 


*In correcting proof I 1eahze how misleading this statement may be 
Obviously, I assume that the “imnate factor” also mcludes all the mechanism 
that determmes what kind of learning will take place It mcludes for ex- 
ample the susceptibility of cortical o1ganizaiion to disturbance by hunger 
pangs or lowered blood nutrients 

Throughout this book the reader may feel that the emphasis 1s too much 
on learnmg But this 2s only verbal Whenever one could think of several 
ways i which some particular learmmg might happen, but recognizes that 
the facts of anatomy or physiology allow only one of them, one 1s recognizmg 
the exstence of the innate peculianties of the cential nervous system All 
mammahan behavior mvolves learnmg, but the mnate facto 1s always there, 
determinmg what learning occurs and how 
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out Others fall below the avoidance lmen, reduce to paste and 
are swallowed These edible substances, not only stmulating 
taste 1eceptors but also bemg retamed ın the mouth and even- 
tually swallowed, are evidently the ones that most effectively 
interrupt stomach contractions they piovide more of the mhub- 
itmg stimulation, and more-prolonged stimulation. 

The conditions necessaiy fo. learnmg aie provided in this 
sequence of events As the sequence ıs repeated, the sensory 
stimulation—visual, olfactory, gustatory, and kmesthetıc—or gan- 
izes assemblies of cells with a moto: facilitation of the vatious 
activities of eatmg This bimgs eatmg farther and father under 
cortical control, and so increases the possible influence of learn- 
ing The sight, smell, and taste of food, the tactual stimulation 
of mouth and thioat, and kinesthesis from chewmg and swallow- 
mg ale the stumul: that arouse this assembly action To a cer- 
tain extent, the sensation fiom stomach contractions itself would 
become conditioned to aiouse the same activity Though pit 
marily disiuptive, lke pam, this sensation should like pam be 
capable also of bemg conditioned to eating responses It has 
been seen that the potentially pamful stimulation 1s not disiup- 
tive (that 1s, rt is not pam) when :t forms part of a stimulation 
that has well-organized cential effects Finally, the development 
of conceptual processes conhollmg eatmg makes possible an 
association of eatmg with othe: conceptual processes 

Schematic and oversimplified, this discussion stil shows the 
way toward avoiding oversimplification It pomts out thiee 
ways mm which hungei—an organized activity m the cortico- 
diencephalic system—can be aioused (1) by the sight and smell 
of food and the sensation of eatmg itself, (2) by stomach con- 
tractions, and (8) conceptually, as the sequel to a tiam ot 
thought These agencies may summate One, on occasion, may 
not be effective by itself, but becomes effectrve when another 1s 
added to ıt Hunger can then be aroused or further mcieased 
by an attractive appearance of food, o1 by its smell and taste 

Such effects are familiar, but smce they do not fit mto the 
iubric of hunger as a bodily need, or alternatively as sensations 
from the stomach, we are apt to forget them Consider the 
salted-nut phenomenon O:dmanily, one can take salted nuts or 
let them alone—until one has eaten a mouthful, when it becomes 
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much harder to let them alone Hungei has increased but how? 
A lack of food cannot be mcreased by eatmg something, and 
stomach contiactions aie stopped by chewing and swallowmg 
If, however, we consider hunger to be neither a particular con- 
dition of the body, noi a set of sensations trom the stomach, but 
an organized neutal activity that can be aroused (like any other 
conceptual piocess ) ın several ways, the puzzle disappeais. The 
schematizmg of the precedmg paragraphs, then, has developed 
some otf the further possibilities of Moigan’s conception of the 
cential motive state. 

The puzzle just referred to has been dealt with mm the past by 
a distmction of hunger hom appetite (“A taste of salted nuts 
does not increase hungei, 1t only wncreases appetite”) The solu- 
tion is not a good one because no one has been very clear as to 
what appetite 1s, 1f it is not hunge: It seems m fact that hunger 
cannot exist without appetite, and “appetite” seems in practice 
to be a term that is applied to the tendency to eat when eating 
is not biologically desnable o: valuable, “hunger” when it 1s 
desirable Such a distmction has no place m discussion of the 
physiological control of eatmg 

Lf the explanation proposed m this section 1s 11ght, cuttmg the 
vagus in the newborn mfant will retard the normal development 
of hunger, by preventing the postulated 1ole of hunger pangs 
m the learnmg process Cutting the vagus does not stop eating 
m the adult, but t may have more effect at an ealen stage 
This would provide a duect expermmental test of my schematiz- 
ing It is not predicted, however, that no leainmg could then 
take place, smce there 1s still a mechanism of addiction to food 
to be discussed, which would also provide a basis for leainmg 
The explanation predicts that cutting the vagus would 1etaid the 


development of hunger, perhaps seriously, but would not pre 
vent it entirely. 


HUNGER AS AN ADDICTION 


I have aheady discussed the metabolic changes due to lack of 
food as a disturbing influence on behavio. The treatment of 
hunger can now be completed by considermg the relation of 
these changes to the leainmg process a relation that makes eat- 
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mg, in the mature animal, equivalent to an addiction, as Carlson 
(1916) long ago suggested 

It may be objected that hunger cannot be 1elated to metabolic 
changes, because of the expermment by Scott, Scott, and Luck- 
hardt (1938) m which ıt was found that hunger can occu m 
human subjects with no change of blood-sugar level This ex- 
perment ıs valuable, but in the light of present knowledge, and 
the discussion of the preceding pages, 1t needs two things to be 
complete: ’ 

1 In the fist place, we need to know about othe: blood com- 
ponents besides glucose Glucose 1s only one of a number of 
substances involved m hunger if there are nme specific hungers 
besides those fo. oxygen and water (Morgan, 1943), there are 
nine substances whose concentiation m the blood must be exam- 
med before ıt can be concluded that hunge: is not determined 
directly by the blood content 

9 In the second place, smce we know also that there is an 
important element of learnmg in hunger, the experiment should 
be repeated with subjects m eaily mfancy. Only then will it 
be possible to say that stomach contractions are not dete:mmed, 
ougmally, by changes of blood content, or to conclude that the 
development of hunger ıs mdependent of such changes The 
obvious experment, dealmg wıth both pomts 1 and 2, 1s to de- 
termine the levels of thiamin, chlorides, and so on, m addition 
to the level of glucose, at the tıme when a need of food begins 
to disttuub mfant behavior or when the adult actually reports 
hunger 

Until such an experiment is done we can only speculate, but 
a little speculation may help to define the problem Return to 
the learnmg process of the last section. In general, the cell- 
assemblies whose activity 1s hunger would be organized in a 
condition of mild deficiency We do not know whether this 
condition 1s enough to produce a lowerimg of blood nutrients, 
or secretion of the hunger hormone, but, if it 1s, observe that a 
muld deficiency would be the optimal condition for the function- 
mg of the assemblies m question. It is not a low blood sugar, 
or low chlorides, that would be disruptive of an assembly, but 
a change from the level at which the assembly was organized 
If hunger ıs established origmally m the presence of a slight 
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deficiency, the return of blood sugar and so on to noimal would 
tend to disrupt it, and equally, a moie extieme loweimng of the 
blood-sugar level This accounts for a loss of appetite m starva- 
tion, and is a fust step toward accounting for satiation 

Suppose that an expenenced, adult anımal ıs exposed for the 
fust tıme to a severe lack of food Both the increased hunge: 
pangs and lowered blood nutuents contribute to a disturbance 
of coitical o1ganization and so of behavior If the dismtegiation 
of the hunge: mechanism ttself has gone so far that there ıs m- 
difference to the thought of food, or if the animal put where he 
can find food makes no effort to seek 1t out—that 1s, 1f the hunger 
mechanism 1s not excitable conceptually—the sight and smell of 
food may be more effective, o1 food m the mouth may be This 
soit of thmg of couse has been observed ın starvation The 
animal 1s apathetic about food until he has eaten a mouthful, 
and then shows an me1eased hunger (the “salted-nut phe- 
nomenon” agam) Once swallowed, the food is absorbed and 
1everses the slow fall of blood nutrients, incieasng the possi- 
bility of actual hunger as an oiganized cerebral action 

Now obseive that each occuuence of such a sequence of 
events m chromic starvation would tend to set up new cell- 
assembles (o1 modify old ones) by the same pıocess that set 
up assemblies ın the normal mfant The new assemblies, how- 
ever, would be such as to function best ın a condition of low 
blood nutnents. The learınmg then would establısh a hunger 
that could occur stiongly m the piesence of starvation, and not 
as before only with a mmuimal need of food 

Hunger established im the presence ot lowered blood nutrients, 
and having the effect (though eatmg) of 1aismg them, would 
be physiologically the equivalent of an addiction—buiologically 
valuable, but still an addiction There has occasionally been 
confusion in distmguishmg between addiction and habit Some 
writers apparently have seen no difference (except possibly in 
stiength) between a habit of dimkmg milk at breakfast and a 
habit of dimking coffee But an addiction mvolves move than 
a ielationship of oveit response to ceitain sensory stimulations 
otherwise Sanka, with the taste and smell of coffee but without 
its caffeme, would satisfy every need that coffee does and could 
be substituted for ıt without the victim’s knowimg that anythmg 
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had happened Unfortunately, ıt cannot the addict may not 
know what has happened, but he will know that somethmg 1s 
wrong. An addiction, therefore, besides mvolving habit, also 
acts so as to mamtam a blood concentiation of some substance 
that ıs necessary to stable neural functionmg, or whose absence 
results im emotional disturbance, restlessness, and discomfort or 
pam. This 1s a trite statement, but one of its implications should 
be considered What has happened to prevent imtegiated neal 
function, m the absence of the drug? 

We know, first, that there 1s always a penod of “leainmg” or 
apprenticeship, in addiction, and we know also that an addiction 
lasts longer than the overt withdiawal symptoms of physiological 
disturbance It may be proposed, theretfoie, that the learnmg 
1s a genuine leainmg, and that it consists m part of the change 
of assembly action discussed above im relation to starvation It 
follows that an addiction must be considered to be more than 
a metabolic 1eo1gamization it cludes a neural reoi ganization 
also, and one that tends to persist, smce (as any tobacco addict 
a alcoholic knows) a “cure” is apt to be unreliable and the 
addiction can be 1emstated much moie promptly than acquned 
for the first tıme. 

It 1s this very leaanmg ın addiction that we must know more 
about, to understand hunger. The learnimg can be described as 
an association between a sensory event and the subsequent 
euphoria, bemg at peace with the wold follows a full belly, o1 
an injection of morphme The reference to “association,” how- 
ever, 1s misleadmg if it suggests that we understand the mecha- 
nism mvolved. We do not 

The problem of a learned preference, ether for a diug or a 
needed food substance, can be seen bette: m the light of Spragg’s 
(1940) study of morphme addiction m chimpanzees For ex- 
ample, is expe1zment has demonstrated the difference between 
physiological dependence on a substance, and addiction to it 
Daily mjections established a dependence on morphine, demon- 
strated by withdiawal symptoms when the diug was withheld 
But his chimpanzees still took a considerable trme—fiom thiee 
weeks to three months—before they discovered the connection 
between (1) mjection of the diug and (2) feelmg bette: Thuis 
exemplifies an intermediate stage of addiction Eventually, the 
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chimpanzee in need of morphme tried hard to get an injection 
(by struggling to get to the accustomed room, gettmg the hypo- 
demic needle and giving it to the experimente:, and so on), 
The learning that leads to this final stage of addiction presents 
us with our problem, the same one that 1s mvolved ın hunger * 
Tt has sometimes been sard that the rat ın need of salt learns to 
eat it, by “experiencing its beneficial effects” Spiagg has shown 
that an association of this kmd can ocew, even if its mechanism 
1s not at all clear, and his data should be kept nm mind im deal- 
ing with the problem of the self-selection of diet 

When a rat 1s suddenly put on a salt-free diet, he may be 
considered to be m the mteimediate stage of addiction His 
behavior shows that he has a physiological dependence on salt, 
but he may still have to learn to look for salt-contammg foods 
and eat them selectively. 

The mmediacy and reliability with which an animal will cor- 
rect a dietary deficiency seems to have been overestimated—at 
the least, overemphasized I have already cited Young (1944) 
and Beebe-Cente: (personal communication) as showing that 
the 1at’s preference for a needed food is not immediate, but 
learned, With a low concentration of the needed substance, 
preference 1s established slowly, 1t may 1equne as long as 7 
days With shonge: concentrations, the preference appears 
eally But showmg that a iat alieady has a complete prefer- 
ence at the end of 24 hours does not show that no learning has 
oceued We badly need a detailed study of what leaanmg may 
occu m the fist 10 mmutes, or fist how, of a 1at’s exposure 
to a choice of foods 

The Editois of Nutrition Remew (1944) m a summary of the 
history of this topic, and a pape: by Pilgrim and Patton (1947), 
have diawn attention agam to the umieliability of the self- 
selection method in many cucumstances The failuies must be 
kept m mind as well as the successes, if selective hungeis are 


*Dr Austm H Ruesen has pomted out, m a personal communication, that 
another example is the slowness with which air crews learn what to do 
about oaygen deficiencies, when oxygen 1s available 

Obviously the law of effect would be the very thmg to mvoke to account 
for such learning, but I can still find no satisfactory way of fitting ıt mto 
the present set of physiological conceptions 
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to be explamed Man 1s notoriously capable of malnutrition 
while freely choosmg his own diet This might be put down to 
bad habits, interfermg with an mnately sound mechanism of 
choice, but such an explanation would hardly account for hypo- 
chlorema, promptly relieved by takmg common salt (Saphz, 
1945), m men who had access to salt-shakers Ther symptoms 
weie severe, and them condition once moie can be properly 
likened to that of Spiage’s chimpanzees when they had with- 
drawal symptoms without seekmg a moiphme myection Man 
must often learn to take more salt when he moves to a tropical 
climate, and the learnmg is not automatic 

Until such learnmg has occured, it appeais that the only 
direct effect of a need of some particular food, o of food m 
genetal, 1s restlessness, emotional distubance, and malaise The 
lack of specificity m this disturbance may well be a clue to the 
nature of pathological eatmg, arismg from emotional disturb- 
ance, or of the alcoholic’s tendency to eat a less and less ade- 
quate diet Clmically, there 1s an mescapable relation between 
drug addictions, food habits, and chiomic emotional disturbance 
The fact has some meanimg on the assumption that the need of 
food o1 drug, and emotional disorder, have a common element 
m a disruption of timmg m the firmg of central neural cells, and 
on the fuithe: assumption that this disruption ıs transformed 
into an o1gamized action by a process of learning 

An hypothesis dealmg with part of this leaanmg process has 
been set forth m the present chapter, but there remams a pait 
about which the hypothesis must be so vague as to have no 
present value. Once more, Spragg’s eape1mment makes the 
matter clearest He found it possible, once a full addiction was 
established, to abolish withdrawal symptoms by an injection of 
saline only—buefly, but nonetheless effectively (Spiagg, 1940, 
pp 95-96) Simila: effects are known m human addicts, and 
“explained” by a reference to suggestion, Here we have a sen- 
sory and perceptual event substituted effectively fo. the physio- 
logical presence of a substance m the blood stream. The ana- 
logue in hunger 1s the occurence of satiation long before a 
meal has been absorbed from the stomach and mtestme. It has 
been argued that withdiawal symptoms, or the restlessness and 
discomfort of hunger, are the result of a disturbance of central 
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organization Io, the sensory stimulation of seeme the hypo 
dermic needle and feelmg its jab, or the sevsatons of atng 
must have some rather direct action 1m restormg the normal tre 
relations in the fring oF central neal cells Some such po 
bty bas actually been envisaged ım supposmg that sensory nt. 
esses may actively support and directa given oerebyal organiza 
ton. "Thus of couse 1m extemely general terms, and no det 
relevant to the resent poblema can be proposed A move sp. 
cic hypothess may be posuble ltt, when some of the erpen. 
mental endence 1s avalable whose need has been shown mn ths 
chapter, 


Q. The Problem of 
Motivational Drift 


The two pumitive motivations of pam and hunger can be r 
gaided as mainly determmed by specific bodily conditions~ 
tissue damage and lack of nourishment—although, as we saw m 
the piecedmg chapter, nerthe: of these relationships 1s sumple 
and neither is as yet really understood Hunger, particularly, 
must be a very complex process. 

A thud motvation, biologically primitive, is that of sex, The 
sex drive 1s also tied to a definite physiological condition, the 
presence of certam hormones in the blood stieam But at would 
once more be an oversumplification to make this the only factor. 
like eating, sex behavior 1s not reducible to any simple formula 
(Beach, 1947a), and it serves especially to make clear a further 
complexity of the problem of motivation This concerns the 
time relations mm the oiganism’s responsiveness to a particular 
class of strmulation In sex behavior, the problem appears m 
the comparatively slow build-up of interest (that 1s, 1esponstve- 
ness to o1 seeking out of genital strmulation) and its frequently 
abrupt decline, followmg orgasm. humoral conditions presum- 
ably remainmg constant A roughly parallel course of events is 
to be seen m other behavior, particulaily m the alternation of 
sleep and wakmg, but also m almost any behavior that is a 
source of pleasme It should therefore have an mmpoitant place 
in the theory of motivation 

A constant propeity of mammalian behavior 1s a variability of 
responsiveness to the environment that cannot be ascuibed to 
conditions ogmatmg outside the nervous system—it appeais, 
that 1s, to reflect somethmg mtrmsic to the organization of cere- 


bral activity. I have already emphasized mm Chapter 7 this 
207 
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variability of attitude (01 mterest), and I piopose now to look 
closer at its newial basis The reade1 will recall, further, that 
“motivation” has been treated not as a distmct process, separate 
from learnmg, msight, or attrtude, but as a useful fist approxi 
mation whose mam 1efeience 1s to the tempoual o1 ganization of 
ceiebral events (Chapte: 8) The present discussion accordingly 
deals with the slow change o “drift? of motivation, but inter- 
prets motivation m a rathe1 broad sense 


THE PROBLEM OF A LASTING EXCITATION, FATIGUE, 
OR INHIBITION 


The problem of this chapter ıs the 1elationship between 
cyclical changes of responstveness in the whole anmal and 
events in the nervous system A permanent change of 1espon- 
siveness, of course, is called learning, and does not concein us 
here, but one that involves a contmumg alternation of respon- 
siveness to some stimulation, each phase lasting perhaps for 
hours before 1cverting predictably to the other, 1s a different 
matter, In describmg the behavior, such transient conditions 
may be called excrtation or fatigue, which 1s a commonly ac- 
cepted and useful termmology It has, however, certam dan- 
gers and may conceal certain complications for the theory of 
behavior. “Excitation,” “mhibition,” and “fatigue,” as prolonged 
neural conditions * determmmg the behavioi of the whole ani- 
mal, are conceptions which perhaps are not a primary concern 
for the neurophysiologist but which ce1tainly need exammation 
mm psychological theoiy 

When an animal ıs “excited” what happens—simply an in- 
crease of total cortical activity? What changes take place when 
excitability, or responsiveness to a particular kind of stimulation, 


* It will be evident that a discussion of fatigue on this basis 1s not very 
closely related to the undertaking of Bartley and Chute (1947), who define 
fatigue as a torm of experience that 1s the outcome of mental conflict They 
have not been mamly concerned with the neural mechanism of this con- 
flict, or with the nature of the “loss of mterest” which contributes to it 
Ther emphasis on the complexites of fatigue, however, strengthens the 


present argument that it should not be hghtly mvoked as an explanatory 
conception 
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mereases over a peiiod of hours, days, or weeks? Is there simply 
a deciease of cortical firmg m “mental fatigue’P When the 
coitex mhibrts a certain hypothalamic pattern of response, 1s one 
group of cells preventing the fımg of another group? Presum- 
ably, these questions cannot be definitely answeied at present, 
but ıt should be seen that the answers are not obvious, and that, 
when the temporal characteristics of excitation aie taken mto 
account, the question of its neu1al basis becoines a ciucial one, 
fo. physiological psychology at least And so with mhubition 
and fatigue. 

Considei excitation fist There are two aspects of the prob- 
lem one is simply the duration of the excitation following brief 
simulation. It seems generally 1ecogmized now that an excita- 
tion which endures for mimutes or longer at once raises a ques- 
tion of the special mechanism mvolved ‘The all-or-none excita- 
tion mm the nerve cell ıs almost mfinitesimal m duration, beaimg 
little relation to behavioral excitations that take an appreciable 
time to develop The widespread theoretical interest in 1ever- 
beratory or re-entrant pathways as the basis of a contmumg ex- 
citation in the cential neivous system shows that this side of the 
problem has been recognized (unlike the problem of a contmu- 
mg mhibrtion, as we shall see m a moment). 

But another aspect of the problem of excitation needs more 
attention A behavioral excitation, an mciease m some bodily 
activity, 1s not necessarily a sign of an mcreased neural activity 
ethe: ım the bram as a whole or m some one part of it The 
pomt is well dlustiated by the process of gettmg drunk A small 
amount of alcohol may be an excitant—socially, and m ıts mme- 
diate net effect on behavio.—but this of couse does not prove 
that alcohol 1s a neural excitant, 1t does not even piove that 
lower centers are being released from coitical mhibition 

There ıs a fallacy here which ıs most hkely to be made when 
one is thmking of different kmds of behavior as controlled by 
different parts of the bram: “There is an merease m certam 
behavion, therefore some pait of the bram is more active, there- 
fore—supposing that alcohol 1s not a neural excitant but a de- 
pressant—a Ingher mhubition has been removed.” 

Perhaps this is what happens The pomt, however, ıs that 1t 
1s not logically mescapable A change ot behavior does not 
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necessarily mean that some neural units, active before, have be- 
come mactive, and that inactive ones have become active (ex- 
cept at the level of the final common path, and very often not 
even here since the same effectors may enter mto diferent re- 
sponses), The same newal cells may still be active, but m new 
combinations, when a different 1esponse occurs This ıs one of 
the profoundly important umplications of recognizmg the role of 
timing m neural transmission and of such conceptions as that 
of “optional transmıssıon” (Lorente de Nó, 1939). Stimulate 
AB and CD and the excitation follows one set of pathways, 
stimulate AC and BD and the excitation may follow different 
efferent pathways and determine a totally different response— 
although the same mternuncial cells are active. 

The behavio of the drunk may be produced because alcohol, 
depressing all neural cells, depresses some more rapidly than 
others and so changes the pattern of fiumg throughout the cere- 
brum The cortex of course may be more affected than the iest 
of the bain, but this is different fiom saymg that the activity 
of the brain stem actually mcieases with the administration of 
alcohol The idea that cortical function can be almost elim: 
nated before lower centers me affected 1s scarcely tenable, and 
in fact the drunk, up to the moment of collapse, does not m 
any way resemble a decorticate prepaiation but continues to 
manifest behavio. that we know 1s fully dependent on the 
cerebral coitex The behavior changes and may be less adap- 
tive, but 1s ıt less “coitical” and more “hypothalamic” or moie 
“mesencephalic”? 

The theory that drunken behavior 1s due to loss of cortical 
inhibition 1s open to these objections. first, ıt mmples that the 
whibition, durmg long periods of sobiiety, has an astonishing 
duration and efficacy—a pomt to which we shall 1eturn, and 
secondly, ıt seems to imply that all drunks should act much 
more alike than they do, perhaps approachmg the picture of 
sham rage before passmg mto stupor The other possibility, 
suggested above, is that alcohol fiom the first knocks out cells 
m the hypothalamus and shiatum as well as m the cortex, and 
slows up firmg rates, thus reducing the complexity of cerebral 
organization but leavmg until the last some cortical as well as 
subcortical function Whether this is so or not, ıt 1s enough to 
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show that there 1s no logical necessity of regarding diunken 
rudeness or hyperactivity as a loss of mhibition that permits an 
absolute increase of neural activity m some part of the bram. 

Two pomts have been made conce:nmg a lastmg excitation m 
behavior the long duration must be accounted for, and an m- 
crease of some kind of behavior does not always or necessarily 
mean an mcreased activity m some region of the central nei vous 
system The same two pomts apply to mhibition and fatigue 

If a decrease of bodily activity that lasts more than seconds 1s 
to be explamed by a newal inhibition or neural fatigue, some 
explanation 1s needed of the duration, and secondly, the decrease 
of bodily activity is not @ prior: proof that such an mhibrtion or 
fatigue exists. There is 11sk im assuming that any prolonged 
change n some aspect of behavior means a parallel change m 
some one part of the brain. that mental fatigue 1s a newal fa- 
tigue, or that a suppiession of anger means that some one set of 
cells (preferably cortical) suppresses the fimmg of some other set 
(preferably hypothalamic) A decrease of bodily activity does 
not always mean a decrease of neural activity sleep may consist 
only of a change of the combmations m which cortical cells 
fire—i.e , may essentially be hypersynchiony, with no decrease of 
total activity, and the EEG offers evidence that immobility and 
unresponsiveness can accompany a considerable cortical activity 
(Jasper, 1941) 

It ıs commonplace to say that an organic whole has properties 
other than the sum of the properties of its parts in isolation The 
necessary corollary is this. do not take fo. granted that the parts 
of a neural complex—or that any one part—must act m parallel 
with the action of the whole The fatigue that leads to pro- 
longed sleep, or the disappearance of sexual responsiveness after 
ejaculation—often for hours afterwaid—is not proof of fatigue in 
cortical cells, o1 of an mbhybition of sexual centers, for corre- 
spondmg periods ot tme 

Fatigue as demonstrated physiologically in the nemon (the 
refractory period) has a duration measuied m milliseconds 
“Mental fatigue” may be a phenomenon of behavior, but ts 
duration gives us no warrant for identifymg it with a primary 
neural fatigue Similarly, the mhibrhon that 1s studied m lower 
neural centers (where a fairly direct mference 1s possible con- 
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cernmg what happens m the single neuron) 1s a buefly lastng 
process that 1s promptly followed by excitation In a matter of 
seconds it becomes possible for any strong excitation to break 
through. Consequently, to speak of an mhibstion that lasts m- 
definitely 1s not just makmg use of the established conception of 
spmal ieflex inhibition but mtroducmg a different one The 
conception may be quite valid, but it is not necessarily the cis 
of Shenmgton (1925) 

This pomt applies to the idea that pam fibers in a sound tooth 
can be contnuously prevented from firing (p. 186), that the 
sham-rage center m a good-natured, normal cat 1s contmuously 
inhibited by the cortex, o1 that a conditioned mhibrtion (Pavlov, 
1928) can account for schizophienic catatoma or for long-stand- 
ing Freudian repressions Some of these ideas assume first that 
each form of behavior 1s determmed by a separate part of the 
cenbal nervous system, and all of them assume secondly that 
inhibition may have an extraoidinary degree of persistence. 

When for example damage to the frontal lobe 1s followed by 
an mereased appetite, or mereased sexuality, or mcreased re- 
sponsiveness to carotid-smus stimulation, some clinical writers 
are prone to take for gianted that this is of necessity evidence 
that the frontal lobe normally mhibits whatever lower centers 
are involved Not at all, the normal action of the frontal lobe 
(and of the rest of the cortex) may be only to stamulate lower 
centers, but determmmg at the same tme a particular tmmg of 
action m those centers The behavior that results is a function 
of this timing, removal of the stimulation (not imbibition) from 
the frontal lobe means a different pattern of firmg and so a 
change m behavior. It must be realized that when a patient 
says nasty things to his friends after lobotomy he uses the same 
effectors as when he is polite—but m a different fimg combina- 
tion, and the appearance of rudeness followmg bram damage 
does not show that there 1s a rudeness center m the bram, nor- 
mally whibited by the 1egion that has now been damaged 

Decerebrate 11gidity, agam, may unply either (1) that the 
cerebrum acts primarily to diminish the activity of ventral-horn 
cells, or (2) that its action stimulates only, and m stimulatmg 
continually modifies the activity of the mtimsic circuits of the 
spinal cord which if left to themselves would simply 1aise the 
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level of tonic contraction. It is legrtrmate (though possibly con- 
fusmg) to speak of the cerebrum hete as “inhibiting” the action 
of these cnewts, my pomt ıs to draw attention to the difer- 
ence m meaning between such usage, and the usage when one 
speaks of inhibition as the suppression, by one cell, of activity in 
another I have argued that the physiological evidence does not 
justify the idea that pam fibeis, for example, may be indefinitely 
mhibited, It is a long step of mference from the prolonged m- 
lubitory action of one complex set of neurons upon another to 
an wnhibition of the mdıvıdual cell 

As a last example of this problem, consider the “suppressor 
areas” of the cerebral cortex (von Bonm, Garol, and McCulloch, 
1944, McCulloch, 1944a, 1944b). 

These areas, m or near areas 2, 4, 8, 19, and 24 of Brodmann, 
are widely spaced ın the cerebral cortex and appear superficially 
to have a pumary inhibiting action Stimulation of one of them 
m the anesthetized anımal may have two effects relaxation of 
the musculature on the opposite side of the body, and disap- 
pearance of electrical potentials throughout the 1est of the cortex. 
This might appear to be a direct suppression of neuval activity, 
as a positive action by one set of cells m the cortex that pre- 
vents the actrvity of other cells, It might appear to justify, once 
and for all, the conception of a primary inhibitory function of 
the cerebral cortex. 

The expermmental evidence, certamly, has made it clear that 
stimulation of a suppressor area may produce a decrement of 
activity. But this leaves two questions 1s this hibition, m the 
sense that the vagus mhubits heart muscle, the same hibition 
that presumably must operate in Lloyd’s two-neuron spinal reflex 
aic (Fulton, 1948)? and does it occur as a result of the normal 
action of suppressor-area cells, or only as a function of massive 
nonphysiological stimulation by electrical current or strychnim- 
zation? 

Suppose for a moment that the normal action of the suppressor 
area is a facilitation of other cortical actrvity, that the function 
of areas 4s, 19, and so on, 1s like the function of the reticular 
substance mm its facilitation of oculo-motor reflexes (Lorente de 
No, 1939) On the lines of the theory of the preceding chapters, 
integrated behavio1 1equires a diffuse fimg m the cortex But 
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a massive electrical stimulation would fire all the cells m one 
region together and prevent their entering mto the diffuse pat. 
terms of firing necessary to the normal cortical control of be. 
havior. That 1s, the “mbhrbition” would be a loss of essential 
facilitation only. 

The evidence presented by McCulloch (1944b) fits mto such 
a picture Suppressor areas are directly connected with the 
caudate nucleus, and direct strmulation of the caudate produces 
“large, long voltages” in thalamic nuclei McCulloch, accord- 
ingly, has suggested that the action of the caudate, in “suppres- 
sion,” 1s not a positrve mhuibition but the induction of rhythms 
of thalamic activity that are incompatible with noimal thalamo- 
cortical reverberation 

Fmally, ıt 1s mpo:tant to see that the suppression cannot be 
a dnect mhibitory action fiom one part of the cortex on another, 
both because the strychmmzed suppressor area does not appear 
to fire directly to othe: areas in the cortex and because of the 
observed time relations The first effect of suppressoi-area stimu- 
lation ıs the appearance of spikes m the ummediate neighbor- 
hood, but with no simultaneous loss of potentials elsewhere 
Next, a spreading extinction of potentials moves outward from 
the pomt strmulated, affecting the suppressoi area before affect- 
ing others, If the cells m this area were mbubitory, a high level 
of firmg here should comcide in tme with a low level elsewhere, 
but this ıs not what happens The suppressor area suppresses 
itself first, and then, after it has itself become mactive, makes 
others mactive. Obviously, this does not fit m with the idea that 
suppiessor-area cells are mhuibiting other cells but does fit in 
with the idea of a slowly spreading loss of facilitation—the m- 
plication of McCulloch’s remarks 

It is still early for final mte:pretation of much of the work that 
has been done in this field. The nature of even spinal inhibi- 
tion 1s still a disputed question, and there are serious dangers 
in applying the conception duectly to the complexities of cere- 
bral function, especially when the time properties of a decrement 
of activity are found to be maikedly different. If it were safe 
to assume a thue long-term mhibition (or, equally, fatigue) in 
cerebral action, 1t would gieatly sumplify the task of the psy- 
chologist. As matters stand, howeven, this is not justified It 1s 
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necessary to recognize the problems for behavioral theory that 
result fiom this fact. 

Now let us see more specifically what some of these prob- 
lems aie 


THE TIME COURSE OF SEXUAL MOTIVATION 


What we are mterested in here, essentially, ıs the natwe of a 
behavioial excitation, and this perhaps would present no par- 
ticular problem if ıt were not fo. the way m which excitability 
and excitation develop and decline The difficulty is clearest in 
sexual behavior. 

The review of studies of mammalian sex behavio. by Beach 
(1947a, 1947b, 1948) makes for emphasis on an mteiaction of 
sensory and central factors. It has been cleaily shown that the 
aiousal of sex behavior does not depend on any paiticulai sen- 
soly strmulation—on olfactory, visual, or auditory stimuli, noi on 
somesthetic stumulation from the genttalia or from othe: 1egions 
of the body If gonadal hormones aie also considered to be 
stmuli, arousing receptor organs m the biam, even this stimula- 
tion is not always essential to sexual aiousal (since gonadectomy 
frequently does not put an end to copulation) Nevertheless, 
all these factors normally play a pait m the arousal Then effect 
is additive 

The presence of gonadal hormones ın the blood stream does 
not often produce continuous sexual excitement, and it appears 
that a normal level of hormone facilitates certam effects of sen- 
soy stimulation, selectively, 1athe: than itself producmg any 
specific pattern of coo1dmated 1esponses When essential stimu- 
lation is lacking, the moto: pattern of copulation 1s apt to deviate 
from the norm or not to be completed Also, “There ıs evr- 
dence that the coitex 1s mvolved m the arousal and mainte- 
nance of the male’s sexual excitement, and 1eduction m suscep- 
tibility to sexual aiousal subsequent to cortical mwy appears to 
be proportional to the amount of neopallum removed” (Beach, 
1942, p 187) The evidence thus gives us a pictuie of sexual 
excitation as berg produced by the close collaboration of sen- 
sory and central mechanisms. 

Durmg courtship and durmg copulation up to the pomt of 
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orgasm, activity in the “central excstatory mechanism” (Beach, 
1942) summates, cooperating closely with sensory stimulation 
and producing forms of behavior which inciease that stimula- 
tion, until the jomt eftect of sensation and central facilitation 
reaches a final lien of response Then, abruptly, the central 
excitatory mechanism 1s somehow dischaiged; or, alternatively, 
an mbhibition o1 fatigue not evident before suddenly assumes 
maximal effectiveness and may last without inte:xruption for 
hours 

It 1s, I believe, the first of the alternatives—a slow growth of 
excitation followed by a condenserlike discharge—that should be 
explored theoretically. It has already been said that it would 
be very desitable fo1 psychological theory to be able to postulate 
an inhibition o1 fatigue m such cases to explam the transient 
disappearance of 1esponsiveness But there are difficulties about 
domg so, as we have seen, and fo. the piesent there ıs no ad- 
vantage mu postulatmg a special mhibition m sexual behavior—as 
if we understood the excitation but not 1ts absence Really, we 
do not understand eithea, and a transient disappearance of 
excitability may be mherent m the nature of the behavioral ex- 
citation itself Nothmg that has been said m this discussion has 
made ıt 1mpossible to suppose that the mhibrtion 1efeied to 
above does exist, but if this 1s assumed, the essential problem 
of the tue relations 1emains The inhibition must be such as 
to last for days, on occasion, wanmg slowly m the older subject 
who may be capable of copulation only afte: days of 1ecupera- 
tion fiom an eatlier copulation (Kinsey, Pomeroy, and Martin, 
1948) This 1s no easier to explam than an equally slow uise 
of excitability 

Let us tun now to the similar problem of sleep, before asking 
how this problem might be solved 


THE ALTERNATION OF SLEEP AND WAKING 


The compatatively well-defined course of sexual arousal pio- 
vides a clear example of a generally unsolved pioblem concein- 
mg cychcal changes of excitability It cannot be asserted that 
fluctuations m sexual excitability, and the diurnal fluctuation of 
geneial excitability called the sleep cycle, must have the same 
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mechanism, but the two have important similarities, and ıt may 
be profitable to proceed on the working hypothesis that the 
problems me m essence the same The course of sexual motiva- 
tion suggests that a cyclıcal change may be mherent m the 
process of excitation, so that an extended pertod of aiousal must 
eventually be followed by an extended period of umesponsive- 
ness (though the reason 1s haid to see), and this of cowse is 
exactly what happens in the alternation of sleep and waking. 

Physiological study of sleep has centered about two questions 
(1) whether sleep may be determmed by one of several condi- 
tions external to the nervous system, such as muscular fatigue, 
the accumulation of toxins, and so on, (2) whether it may be 
due to the action of a sleep center, o1 maction of a wakmg 
center, withm the ne1vous system itself (Kleitman, 1989, Nanta, 
1946) Research has emphasized the importance of a waking 
center m the caudal hypothalamus, its action evidently has much 
to do with regulation of the sleep cycle. Further knowledge on 
these two pomts must be obtamed by physiological methods, 
and the piesent discussion will not contribute to it. 

But there is also (8) a psychological factor of “mterest” or 
“boredom” m sleep (Kleitman, 1989) Wi5uth this we aie directly 
concerned The theory developed m the preceding chapters has 
definite implications about sleep, sleep has m fact been refered 
to repeatedly because ıt seems not to be an isolated phe- 
nomenon but an aspect of processes fundamentally mvolved in 
learnmg, for example, or volition 0: emotional disturbance~and 
these implications make it possible to deal with the “cortical” or 
“higher” components in sleep 

Return to the eaiher discussions of spontaneous neural achvity, 
and its ielation to sensation and consciousness (pp. 9, 121-4, 
146) We have, to start with, (1) the suggestion by Bartley and 
Bishop (1988) and Adrian and Matthews (1934) that uncon- 
sciousness may be the result of a lack of afferent activity, and 
(2) that this excitation normally has the function of breakmg 
up the synchronous spontaneous firmg of central nervous tissue. 
Add to this (3) that the EEG m sleep shows a marked hyper- 
synchrony and (4) the general conclusion of Jasper (1941) that 
hypersynchrony may be opposed to adaptive behavior We then 
have (5) a picture of sleep as a state in which sensation has lost 
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its usual contiol of central neural fig, and in which a lage seg- 
ment of the cerebium has drifted, from the diffuse fixmg neces- 
sary to adaptive behavior, mto the hype:synchiony of uncon- 
sclousness. 

From such ideas it 1s a short step to thmking of sleep as a 
functional deafferentation of the cerebral cortex (Klertman, 
1939), But this phrase should be used cautiously It may sug- 
gest fo. example that consciousness 1s a function of the cortex 
alone, or that the cortex 1s an 1solable unit physiologically. 

Even m the anesthetized anunal, cortical action 1s closely 1e- 
lated to activity m cortico-diencephalic circuits (Moson and 
Dempsey, 1943, McCulloch, 1944b, Murphy and Gellhorn, 1945) 
There ıs probably a contmuous interaction with the stuatum as 
well (McCulloch, 1944b). Also, the term deafferentation may 
overemphasize the role of sensation in the sleep cycle of the 
normal animal. Important though 1t is, the level of sensory ac- 
tivity does not alone determine sleep or wakmg This of course 
is the pomt made by Kleitman’s “wakefulness of choice” as well 
as by his emphasis on boredom as a source of sleep. Wakeful- 
ness of choice 1s maimly a characteristic of higher anrmals when 
a pomt is reached in the cycle at which sleep may occur, whether 
it does or does not depends on certain cerebral activities (re- 
ferred to as conscious m man), as well as on the subyect’s 
envnonment 

With some qualification, howevei, the idea of a fimctional 
deafferentation 1s valuable How would ıt occu? Structmal 
connections with the sense organs are, presumably, unchanged 
as one goes to sleep The wakmg center ın the poste1io1 hypo- 
thalamus, whose destruction leads to a contmumg slecp, 1s not 
the portal by which afferent excitation 1eaches the cortex. It 
cannot therefore simply act like a valve, periodically cuttmg off 
the cortex fiom stimulation. Howevei, ıt could be an essential 
lnk m a system “pirmmg” the cortex for the reception of af- 
ferent impulses (Morgan, 1943). This would umply that the 
diffuse fimg of the cortex cannot be maintamed by afferent 
impulses alone, m teims of the piesent theory, 1t implies erther 
that one cell-assembly cannot arouse the next, m a “phase se- 
quence,” without supporting facrhtation from the waking system, 
or else that some significantly laige fraction of assemblies incot- 
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porate cells from the waking system. Damage to this system, 
or synchrony of firmg m it, would then interfere with assembly 
action and consciousness. 

This does not localize consciousness or the waking state but 
assumes that the kind of activity throughout the cerebrum which 
we call consciousness 1s dependent on activity withm a more 
lumited 1egion primarily, the wakmg center m the mammullary 
bodies, or m the neighboring postenor hypothalamus and an- 
terior mesencephalon (Nauta, 1946), and the mtralammar and 
midline nucle: of the thalamus (Penfield and Jasper, 1946, Jasper 
and Fortuyn, 1946) The essential structuues m wakmg may 
also mclude the anterior cingular 1egion (Brodmann’s area 24, 
one of the suppressor areas). The cmgular aiea 1s connected 
with the wakmg center va the mammullothalamic tract and the 
anterior nuclei of the thalamus, and Smith (1945) showed that 
stimulation of the area produces a transient condition apparently 
equal to sleep, except m duration, 

At first glance, this would mean that the cingular area 1s a 
sleep center, not a wakmg cente1, but the function of a waking 
center 1s to maintain a diffuse firmg, and a strong electucal 
stimulation firmg a large number of cells in the area all at once 
would prevent it from having this function—the same pomt that 
was made m discussmg the action of other suppressor aleas 

If thus the activity of the poste1ior hypothalamus is necessary 
to the mamtenance of diffuse firmg, the antenor hypothalamus 
may have a similar function, a pacemaker for the synchronous 
cortical firmg of sleep It may, that 1s, be a sleep center, as 
Nauta (1946) appears to have demonstrated experimentally I 
shall urge m a moment that sleep 1s not a negative thing, not a 
mere lack of the organized activity of consciousness but the pies- 
ence of an alternative o1ganization, and the existence of a sleep 
center fits mto this conception 

From this pomt of view, we might consider that the cerebrum 
deafferents itself to produce sleep by failmg to provide the 
facilitation that 1s necessary for environmental stimulation to 
maintain any control of ceiebial firmg The cerebium also de- 
afferents itself mdirectly by ceasing to mitate motor activity, 
which at once means a decrease in sensory stimulation. But we 
must go farther than this The conditions that produce sleep 
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are not merely negative. the fact 1s that some stimulations con- 
tnibute positively to sleep, and sleep 1s remforced by learnmg 
Physiologically, also, 1l 1s evident that hypersynchiony is not a 
random affair but organized, so that gomg to sleep means the 
positive substitution of one organization fo. another This was 
referred to m an earlier chapter as the mtumsic organization of 
cerebral action, and ıt was suggested there how a prenatal learn- 
ing piocess might contribute to it, if the organization 1s not 
simply due to the action of mheritted pacemakers m the cere- 
bium (footnote, pp 121-2). 

On the same assumptions that justified the conception of the 
formation of cell-assemblies (Chapter 4), an afferent activity 
that comeides frequently with a synchionous firmg will estab- 
lish synaptic knobs between the afferent fibers and any membeis 
of the synchronously firmg pool with which they come mto con- 
tact. Repetition of that afferent excitation will then tend to 
support the synchrony, or 1e-establish 1t, which means a mecha- 
nism of learnmg to go to sleep. One may have to learn to sleep 
easily in the daylight o1 m unusual conditions, an habitual pos- 
ture often helps one to get to sleep, and even habitual noises 
may do so, the lack of familar stunulation delaymg the onset of 
sleep o1—if 1t occurs m the nght—waking the sleeper Klertman 
(1939) considers that the sleep cycle of the adult 1s a function 
of learnmg; and m old age, when other leaaned behavior is de- 
terioratmg, we find the cycle also tendmg to retuin to a moe 
mfantile stage. Thus an accustomed stimulation may actively 
support hypersynchrony, as a leaned 1elationshyp that is affected 
(just as other learnmg may be) by cortical ahophy All this 
involves a futher qualification of the “deafferentation” idea, 
one might suggest perhaps that sleep ıs more a de-efferentation 

The rationale of the de-efferentaton should perhaps be made 
expheit here It is simply that noimal waking behavior is a 
highly selective set of contractions of muscle, m which it is 
usually quite essential that antagonists are not both at peak ac- 
tivity simultaneously, but m alternation, and ın which a par- 
ticular contraction must have a particular stength and endme 
only for a patcular length of tme It ıs this that requires a 
dispersed firmg ın the cerebral cortex I have referred to Jas- 
per’s conclusion that hype:synchiony per se ıs opposed to adap- 
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tive behavior, ıt ıs evidently opposed also to the process of 
thinking, which tends to break up even the moderate synchro- 
nization of the alpha rhythm Similarly, Kleitman has remarked 
the negative correlation between (1) hypeisynchiony ın sleep 
and (2) the responsiveness of the sleeper or the extent to which 
his dreams are organized and 1emembeiable. Finally, Loucks 
(1938) found that a conditioned i1esponse to direct stimulation 
of the visual cortex could not be elicited m the sleepmg animal: 
here, cleaily, deafferentation of the cortex is not an explanation 
of the failure of stimulation to elicit a response.* 

These tacts appear to mean that the pyramidal-tract control of 
ventral-horn cells and cells of the motor nuclei of the brain stem 
depends on a dispersed firmg im the efferent fibers from the 
cortex, except when a very high degree of synchronization pro- 
duces an outright convulsion. It can be supposed, then, that the 
degree of synchiony in sleep (and m petit mal) 1s too gieat for 
the temporally mtegiated control of muscle and too low to pro- 
duce convulsions 

One consequence of such ideas ıs the conclusion that sleep 
produces relaxation as much as relaxation produces sleep. This 
makes possible a vicious cucle, or cumulative reciprocal mflu- 
ence, that partly explains the gradualness of change from waking 
to sleep and vce versa The drift from a dispersed firing to 
synchrony might be mitiated withm the cerebrum, if there 1s a 
sleep center m the anterior hypothalamus, cells m this region 
would start to recruit others and might assume control of local 
cortical areas, which ın tum would mean a decrease m the 
numbe: of cells available for assembly action and a decrease m 
muscle tonus. The consequent lowermg of afferent excitation 
would further the same drift mto hypersyncm ony 

In waking, on the other hand, senso1y stimulation would be 
considered to wean transmission units away from the pools of 
synchronous firmg, each accession to this asynchronous assembly 


* This one expermmental fact alone might justify the treatment of sleep that 
is made in these pages The cortical transmission that would be mvolved 
im a conditioned reflex, according to the phase-sequence hypothesis, depends 
on the series of assembly actions that is replaced m sleep by a local syn- 
chrony of firmg, so even when a stimulus 1s apphed directly to the cortex 
it could not ehcit an adaptive response (in deep sleep) 


222 The Problem of Motivational Drift 


action would mcrease muscle action and increase afferent exci 
tation, and so on. 

The experimental evidence has shown that a particular region 
has a crucial role m such changes, there 1s a waking center, and 
Nauta has given reason for thmkmg that thcre 1s a sleep center 
as well, But such centers may be necessary only m coordmat- 
ing the action of the relatively large mammalian cerebrum, and 
the same kind of process might occur in a smaller brain without 
special pacemaking centers. Also, even in man, waking or sleep 
may not be necessauly mitiated by changes m such centers, 
Sleep is produced by cortical lesions (Davison and Demuth, 
1945) and may be mterrupted by mghtmares—a “conscious” ac- 
tivity It may be profitable to consider sleep and waking as an 
alternation of excitability to which any cental neivous tissue is 
prone, but which can be coordmated throughout the whole 
cerebrum only by the regulating action of special structures ın 
the hypothalamus. When the action of these structures is m- 
paned, disorganization of newal firmg is possible producing 
emotional disturbance Interference with the sleep mechanism 
is accompanied by uritability (Nauta, 1946), and the uritability 
commonly seen when sleep 1s abruptly cut shoit, but which 
nevertheless disappears soon, as the subject becomes fully awake, 
mdhicates that between the mtrimsic organization of sleep and 
the conscious oiganization of waking there may again be an 
interval of disorganization of cortical firmg. 

The iole of psychological mfluence in determinmg the rate of 
duft from the diffuse organization to the mtrmsic organization 
appears to mean that some phase sequences aie moe firmly 
established than others: that 1s, are more capable of peipetuat- 
img themselves. The level of stimulation from sense o1gans 
affects the persistence, and a phase sequence may perpetuate 
itself by raismg this level, as when one knits his brow and 
pinches himself to stay awake. 

Othe: phase sequences doom themselves to a short career by 
loweimg the level of stimulation, except for stimuli that make 
for hype:synchrony When such a phase sequence is m com- 
mand, we say that the subject “tes to sleep,” seeking 1elaxation, 
darkness, and quiet. But as we have seen there is a futher 
cerebral factor, which becomes our next concein. 
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This is the factor of interest or motivation, which 1s provi- 
sionally translated into the stability and persistence of the phase 
sequence It appears first m the fact that no amount of muscular 
relaxation and quiet 1s likely to put the subject to sleep in the 
morning just after he has slept through the night, or, m other 
circumstances, in the fact that a good hght, a loud voice, and a 
haıd pew are not enough to keep one’s eyes open Agam, if the 
reader cares to make a little expermment and turns from this 
book to a detective story, costume thriller, or sentimental famiy 
piece—whatever his preference may be—he will find himself wide 
awake again though he sits in the same chair, with the same 
light and the same degree of quiet, with the same degiee of 
eyestram in reading the same 26 letters of the alphabet (but 
happily contrived in othe: words). The problem raised here 
concerns the relationship between sensory mput and the phase 
sequence, what characteristic 1t 1s, nm this relationship, that tends 
to prolong the phase sequence and avert sleep 

Another facet of the relationship can be added at once: no 
matter how exciting a first 1eadmg of the detective story may 
have been, 1t will have lost this property on rereading unless 
considerable time has elapsed To common sense, the reason 1s 
obvious The fun ıs gone when you know exactly what happens 
next But it 1s not obvious theoretically—zf the book kept one 
awake yesterday, why not today? If a paiticular sequence of 
sensory events tones up the waking cente1, keeps hypersynchiony 
to a minimum, and mamtams pyramidal-tract control of the 
muscles, why should ıt not have the same physiclogical effects 
a second time? 

In this, as I shall tty to show, there 1s a clue to the sources of 
motivation, and “pleasure” In view of the definition of motiva- 
tion proposed ın the preceding chapter, that it consists of the 
directedness and persistence of the phase sequence, we must 
consider sleep to be the extreme case of a loss of motivation. 
From the discussion in the present chapter, 1t has appeared that 
sleep 1s not an isolated topic—not an isolated phenomenon de- 
pendent only on certain nuclei in the hypothalamus and amount- 
ing only to an intermittent cessation of cortical function. The 
frequently slow transition from unresponsiveness to full respon- 
siveness (that 1s, from sleep to bemg wide awake) presents the 
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same difficulty for theory that the slow development of sexnal 
responsiveness does, and im his conception of “wakefulness of 
choice” Kleitman has evidently related waking and sleep to a 
much wider problem of motivation Let us see what approach 
can be found m the commonplace, but theoretically peculiar, fact 
that an event which is exciting and mteresting on its first occur- 
rence 1s likely to be dull and sleep-provokmg on tts second, 


EFFECTS OF MONOTONY ON LEARNED BEHAVIOR 


Certam changes m the form of learned behavior, resulting 
fiom repeated or prolonged stimulation, do not seem to agree 
with the fact that repetition 1s usually what established that 
particular form of response m the first place, and 1s also neces- 
sary to maintam it, Dunlap (1982) has shown how the delib- 
erate repetition of a response may elimmate, mstead of strength- 
ening, 1t Hovland (1986) has desciibed an “mhibition of rem- 
forcement” from too many successive practice trials of a condi- 
tioned response. As Hilgard and Marquis have 1emaiked, Pavlov 
(1928) found it advisable to space tuals widely, m settmg up a 
difficult disciimination, and it 1s well known that in ordinary 
learnmg massed practice does not have the same effect as dis- 
tributed practice. Since a few seconds between trials should be 
enough to avert fatigue in the neural cell, one might think that 
longer intervals would only promote forgetting, but this does not 
seem to be true 

Presumably related to these effects of :epetition 1s the “fading” 
discussed by Gardnei and Nissen * In prolonged traning, there 
are often periods when practice seems to have a negative effect 
The more he tries the woise the subject does. In man this is 
apt to go with a motivational disturbance, or loss of mterest 
One thinks little of 1t when repeated failure reduces motivation, 
but after all, why should it? Also, even if the reason for this 
were self-evident, a deterioration m performance can take place 
when the human subject is still “trymg as hard as he can,” or m 
an animal, workmg for a food reward, that contmues to be 


*T Pearl Gardner and Henry W Nissen, “Simple disctiminaton be- 
havior of young chimpanzees comparisons with human aments and do- 
mestic animals” (in press, J Genet Psychol ) 
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genumely m need of food and apparently makes every effort to 
get it In almost any discimmination traming there are periods 
of deterioration of performance which are usually disregarded 
as due to chance but which, as Gardner and Nissen pomt out, 
seem to requue some further explanation. 

All these thmgs might suggest that the connections involved 
m leainmg are (1) somehow weakened by bemg activated, and 
need a period of recovery before they can function well a second 
time, but (2) are strengthened, mstead, when the period of re- 
covery has been permitted Hull (1943) has shown the explana- 
tory value of such an idea, though he has put the weakening 
influence as a separate inhibitory process (“reactive inhibition”). 
How are we to deal with the apparent weakenmg in the present 
theory? 

Two possibilities may be considered—that the cell-assembly 
tends to be disrupted by its activation, or that the relationship 
between assemblies changes and affects the phase sequence. 
There are indications that both thmgs may occur, and can be 
distinguished one from the other by behavioral signs, and, also, 
that the effect we are mterested im 1s primarily an effect on the 
phase sequence, not the assembly. The argument is as follows 

The assumptions made m Chapte: 4 about the formation of 
assemblies umplied, first, that self-mamtamed activity m the as- 
sembly would stop after a very short period (up to half a 
second). If nonetheless the arousmg sensory stimulation per- 
sists without mnte:mission, forcmg a contmued activity, the tend- 
ency would be to mduce a change of frequency properties m 
the assembly. Some fractionation and recruitment would thus 
be expected (p 76) The facilitation delivered to othe: cere- 
bral systems would then be changed, which means some change 
m perception Theoretically, this appears to be exactly what 
happens in the notorious effect of prolonged stang at a word 
or repeating it over and over to oneself. the familiar perception 
tends to become something strange and unrecognizable Such 
effects can be regaided, then, as evidence of deterioration m the 
assembly due to continuous activation 

But the assumptions of Chapter 4 also umplied, secondly, that 
when an assembly has become mactive ıt might be aroused 
agam m a matter of a second or so, and after the same short 
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interval aroused once more: and so on, mdefimtely The be- 
hayroral evidence seems to support this, mdicating that the single 
assembly or small group of assemblies can be repeatedly aroused 
when some other activity mtervenes m vision, for example, the 
perception of vertical line must occur thousands of times an 
hour, in conversation, the word “the” must be perceived and 
uttered with very high frequency, and so on 

According to the theory, then, the deteriorative effects of re- 
peatmg the same long series of words over again (loss of m- 
terest on rereading a novel), or of repeatmg the same group of 
attempted solutions (loss of motivation m problem-solvmg), 
should be in the phase sequence mstead of the assemblies that 
compose it: that 1s, in the relation between constituent parts, 
not in the paits themselves The same conclusion is indicated 
by the fact that the mdividual words of the reiead story, or the 
details of the unsolved problem, do not appear different (as the 
stared-at word does) but have an annoying sameness Also, a 
very ingenious experiment buiefly reported by Lewm (1938) 
strengthens the argument 

The subject was required to write a word over and over until 
the task became intolerable. The expermenter accepted his 
refusal to write the word again, agieed to stop the experiment, 
but casually requested the subject to write the word on the back 
of one of the work sheets, to identify ıt The subject did so 
without difficulty. Thus a change of set, or intention, banished 
fatigue The assemblies directly necessary to writing the word 
may have been somewhat impaned, but not to the pomt at 
which they could not function: and the mental fatigue must 
have mainly concerned the accompanymg assembly activities 
which constitute the subject’s atntude or motivation The re- 
covery in this experiment seems closely related to the mmeased 
output of mdustrial workers when a change is made im their 
attitude toward a monotonous task (Roethlisberger and Dickson, 
1939). The theoretical significance thus 1s the same as that of 
the revitalizing effect of “insight” (a new combmation of assem- 
bhes—p 184) on mterest and motivation. This effect 1s greatest 
on the first occurrence of the new assembly combmation, on 
repetition, the strmulatmg value declmes, just as when a joke or 
a story is heard for the second time. 
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These considerations imply that the phase sequence continu- 
ally needs new content to mamtai tts organization and persist- 
ence.” It appears that the individual assembly may be rearoused 
indefinitely at short intervals, but that the phase sequence as a 
whole cannot be—it must contmue to develop if motivation 1s to 
be mamtained “Develop” here means to lead to new combina- 
tions of assemblies, which ın turn means new perceptions, new 
insights, new ideas. As we know, such events are excitmg But 
why should new combinations be continually necessary to mam- 
tam the phase sequence, and with it a normal level of excita- 
bility? An answer can now be proposed which, im its wider sig- 
nificance, will also concern the nature of pleasure 


AN HYPOTHESIS OF THE RELATION OF EXCITABILITY 
TO MEMORY 


To the psychologically narve there is no riddle about the fact 
that hearmg a story fo. the second time makes poor entertam- 
ment—the better you 1emember the details of the first telling, the 
less your mterest in the second Common sense thus ascribes 
the change of excitatory value to a change m memory, and I 
shall try next to show how this idea may be utilized theoretically 

Our question is why it 1s not possible to 1epeat a prolonged 


* This conclusion 1s not contradicted by the fact that long periods of 
monotonous work are possible ın the factory, where no change of insight 
or the like 1s possible Habituation to monotony 1s apt to be accompanied 
by complex daydreaming, which means the development of a parallel 
phase-sequence activity, so the total pattern of cerebral activity 15 not at all 
repetitive The work of Roethlisberger and Dickson, referred to above, 
also shows that the behavior 1s related to the ancillary cerebral activity 

Another possible objection can also be considered here Accordmg to 
the hypothesis presented m the following section, the mfant’s capacity for 
an endless repetition of some action or set of words 1s possible because the 
phase sequence 1s not yet well enough consolidated to lead to short-circmt- 
mg The followmg section modifies the conclusions of this section m one 
respect, suggestmg that it 1s only the highly orgamzed phase sequence that 
cannot be repeated ım detail, f the sequence loses m degree of organiza- 
tion with the passage of time, ıt can occur aga Accordingly, the mfant’s 
repetitive action 1s considered to occur durmg the period when organiza- 
tion 1s bemg established With completion of that process, the repetition 
disappears 
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phase sequence m its entirety—why it must always lead to new 
assembly combinations, or else grve way to some other cerebral 
activity The answer may be that the mere occuuence of a par- 
ticular phase sequence, once, mduces changes at the synapse 
(memory) that make it mpossible fo. exactly the same sequence 
to occur agaim, unless the synaptic changes have disappeared 
with tme, This can be made more specific, and made to com- 
puse an explanation for the slow devclopment of excitability 
that has been discussed im this chapter. This 1s done by slightly 
elaboratmg the assumptions about the memory trace that were 
made m Chapter 4. The implication 1s that an immediate re- 
arousal of a phase sequence 1s quite possible, but that the syn- 
aptic changcs of memoty then tend to make the sequence short- 
cucuit * and run off so quickly that ıt cannot hold the field long, 
vf 1t is to endure, and remam cooidmated with environmental 
stimulation, new elements not so well mtegiated with it must 
enter to delay its couse. 

Nowhere m the preceding chapters has there been any as- 
sumption as to the permanence of the synaptic connections estab- 
lished by learnmg (though ıt has been concluded that caly 
learning has, m one way o1 another, permanent effects on later 
learning). This ıs because untl now, at least, there has been 
no decisive reason to assume either that synaptic knobs once 
formed are permanent or that they deteriorate with disuse If 
(1) they are permanent, one has accounted directly for the per- 
manent effects of early learnmg, and may assume that forgettmg 
occurs as an addition of new leainmg the establishment of 
futher connections changing the time properties of assembly 
function and so changimg the facilitation delivered to other cere- 


*The reader will recall that the phase sequence 1s “recurrent” and 
“anticipatory,” contaimmg cyclical conceptual activities schematized as 


A-B-A-C~B-D-E-F-D-E-C-F-H, ete 
“Short-cireurtng” might cut such a sequence down to 
A~B-D-H, etc. 


That 1s, on repetition the sequence might touch only the high spots, after 
some synaptic knobs have deteriorated, however, D might be no longer able 
to arouse IZ directly—only when E, F, and G are also aroused 
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bral systems The connections originally established would still 
be there, but the original habit would disappear, replaced by 
a new one. Alternatively, (2) one might assume that a knob 
disappears with disuse, which accounts directly for foigettmeg, 
and, since we have seen reason (in Chapter 6) to think that new 
learnmg mcorporates eailier learnmg as a “transfer” effect, the 
peisistence of early memory can be accounted for because most 
eaily connections are mamtaied by the exercise they 1eceive as 
they take part ın the learnmg of maturity Ether of these two 
assumptions might thus be made without disturbing the main 
structure of the theory. 

But for the problem now bemg considered, a solution may be 
found if we can adopt assumption 2, that an unused connection 
decays, or, better yet, f we can assume that a very frequently 
and long-used connection becomes permanent, but that there is 
a stage im the development of synaptic knobs before which the 
development 1s reversible The old, long-estabhshed memory 
would then last, not reversible except with pathological proc- 
esses in the bram, less strongly established memores would 
gradually disappear unless remforced 

Now suppose a man picks up the book he read last week 
The title and the first paragraphs 1ecall the story—the phase 
sequence runs off quickly, short-circuited, leavmg many of the 
cell-assemblies briefly refractory before they can be aroused by 
the rest of the printed matter. No cooperation 1s then possible 
between sensation and cential facilitation, the latter 1s too far 
ahead Something of this sort would account for the contmued 
need of some degree of novelty to mamtam wakefulness of 
choice The thoioughly familiar aiouses a well-organized phase 
sequence, the very fact that ıt ıs well organized means that it 
runs its couse piomptly, leaving the field for less well-established 
sequences and so, from this theoretical pomt of view, one would 
find behavion dommated always by the thought process that 1s 
not fully organized—one that 1s achievmg a new organization 01 
one in which synaptic decay makes it necessary that organiza- 
tion be reachieved, 

This means that the subject will not linger over the thoroughly 
familiar event even though this 1s the one that 1s most capable 


230 The Problem of Motivational Drift 


of arousmg and controlling central processes, the control may 
be momentary only. The totally unfamiliar does not arouse a 
phase sequence, so “mterest” and “motivation” are likely to be 
preoccupied by whatever ıs new m the combmation of familar 
events, and by events that produce some fiustration o1 some 
fear (which tend to bieak up the phase sequence—Chapter 10). 
Rereading a half-forgotten novel would thus be possible, imme- 
diately after the conclusion of any excitmg or mteresting senes 
of events a repetition would not be exciting (or not as excitmg, 
depending on the degree to which synaptic changes have pro- 
duced short-crrcuiting), mm the followmg mimutes, hours, or days 
the subject’s responsiveness to that sequence of events would 
steadily rise as the synaptic changes regressed Simulaily, the 
psychological function of a night’s sleep may be to permit a cer- 
tam decay m the paiticula: connections that were established or 
strengthened by the previous day’s behavior, so that the behavior 
may recur again as a cooperation between sensory and central 
processes 

If it should be true that such reveisible growth processes 
occur, the problem of the slow changes of excitability might 
thus be solved Is the idea at all plausible? One ıs accustomed 
to thinking of the nerve cell as a static structure (as it 1s after 
bemg fixed and stamed), and of giowth as a very slow process 
Yet ıt may be recalled that Cajal (among others) conjectured 
that the change at the synapse m learnmg 1s an ameboid out- 
aiowth of the cell (see, eg, Freeman, 1984, footnote p 28), 
which might need very httle time for its occmrence. 

Cayal’s proposal has been disiegarded by psychologists and no 
longer figures m discussions of Jearmmg Presumably, this 1s 
paitly because the whole theory of synaptic connections and 
resistances fell mto disiepute some time ago But it has been 
seen (Chapter 1) that modern newophysiology makes it pos- 
sible to reopen this entire question, and so Cayal’s idea cannot 
be at once dismissed as fantastic 

As to the time needed foi an outgrowth of the cell wall, we 
may note (1) that the actual distance involved may be veiy 
shoit indeed, and (2) that reveiberatory activity m the assembly 
would serve to prolong the tme m which a structural change 
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could be completed. An ameboid outgiowth would be rever- 
sible, but the mere absence of the electrochemical mfluence 
which produces the outgrowth might not act as forcefully and 
promptly as its presence So 1t 1s possible to assume, ın the hight 
of the psychological evidence, that synaptic decay occurs slowly 
and peihaps is never quite complete. Thus each iepetition of 
the ameboid change at a paiticular pomt might leave a higher 
residual level, and with a fiequent occurrence the outgrowth 
might become permanent These assumptions then would cor- 
relate dnectly with the fact that memory can be quickly estab- 
lished but declines slowly, and with the fact that there 1s apt to 
be little or no forgetting of the long-practiced response 

It ıs proposed therefore that some such postulate should at the 
least be considered seriously, fo it would help us to deal not 
only with (1) the facts of learnmg, but also with the formidable 
difficulty of understandmg (2) the reversals of motivation dis- 
cussed m this chapter, (8) the length of tme ove: which excita- 
bility (rather than excitation) may on occasion mciease, and 
(4) mental fatigue without a fatigue of the neurons and effectors 
that enter directly mto the response The assumptions discussed 
above do not help particularly to deal with a behavioral exerta- 
tion (except to suggest that its time course may depend on the 
rate of establishment of new—and reversible—connections), but 
they do appear to account directly fo. long-term changes im excit- 
ability, and m general for the psychological component in sleep 
and wakmg, in sexual responsiveness and so on, and m the 
effects of novelty on these conditions It ıs of comse evident 
that some degree of novelty, combined with what is predomi- 
nantly famuliai, 1s stumulating and excitmg over a wide range of 
activities—from sexual 1esponsiveness (Beach, 1947a, Kinsey, 
Pomeroy, and Martin, 1948) to the appreciation of paintmg or 
music, or the pleasures of exploration 

I do not propose to discuss the newological assumption fur- 
ther, but only pomt out once more that the decay of memory 
allows what has been experienced to become relatively novel 
again and, therefore, exciting, so that the necessity of a lapse of 
tume between repetitions of some activities can now be fitted 
mto a more general statement of the conditions of pleasure 
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THE NATURE OF PLEASURE 


The theory that has been developed ımphes that pleasure is 
not the activity of particula: structures in the nervous system, 
and not even a particular kind or pattern of cerebral organiza- 
tion, but fundamentally a duected growth or development in 
cerebral organization It 1s thus necessauily a transient state of 
affairs m which a conflict 1s bemg reduced, an meipient dison- 
ganization bemg dissipated, o1 a new synthesis in assembly ac- 
tion bemg achieved. The preceding section has tied to explam 
why such states of affairs should dommate cerebral processes, m 
other words, to explam why pleasure should have the peculiar 
place m behavior that ıt has, without covert 1ecouise to an anı- 
mustic consciousness, Just as the discussion of emotional disturb- 
ance and pam, in other chapters, has tried to provide mechani- 
cally or determmustically for the avoidance of certam activites 
and situations. 

Those sensory conditons are called pleasant, then, which con- 
tubute to the cunent development m the cerebrum, or which 
consist of the decline of a sensory process that mterferes with 
development If gomg to sleep ıs, as has been suggested, the 
establishment of an “imtumsic” organization, the process accord- 
ing to the definition above should be pleasant—as m fact it is, 
and to the diowsy subject those stimul: are pleasant which ac- 
tively support the development of hypeisyncmony But some 
eight hous later, as the subject 1s waking up, the pleasant sights 
and sounds are those that “catch his mterest” and promote 
anothe. kmd of organization, without hypeisynchrony The 
same stimulus 1s thus pleasant at one tyme, not at another, 
when the event that could be mteresting later occurs too soon 
in the waking-up process, and disrupts hypersynchiony without 
promptly establishmg a phase sequence, it 1s the very reverse of 
pleasant 

In view of the discussion in the precedmg section of the 
eftect of short-cncuiting on motivation, there 1s a paradoxical 
implication here Sensory events should not support the phase 
sequence too strongly, so that ıt runs 1ts couse immediately and 
cannot continue to dommate association-area activity. The well- 
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developed phase sequence depends, for a contmued existence, 
on repeated checks from the environment. Hence, as we saw 
m the precedmg section, the preoccupation with what ıs new 
but not too new, with the mildly frushating o the mildly fear- 
provokmg. Many adult sports of course depend fo. ther 
pleasure on the presence of some dange1, and both Woodworth 
(1921) and Valentme (19380) have remarked on the tendency 
of children to seek out the fiightenmg situation m which the 
degree of emotional stimulation 1emains unde: control and can 
be termmated at will This seems wholly parallel to an adult’s 
reading of “thitllers” and ghost stories. 

Similarly, problem-solvmg imvolves frustration, and many of 
the activities that are sources of pleasure actually depend on 
problem-solvmg—not only m games like bridge or chess, but 
also, as Woodworth and others have remarked. in art apprecia- 
tion and novel reading. 

In music, again, the dissonances that aie harsh and disruptive 
at first become pleasant as they become more familiar, but finally 
are dull and boring (Chandler, 1984) The course of events ıs 
first, a dissonance with too much conflict to elicit an organized 
cerebral action, secondly, with the establishment of new assem- 
bhes, or modification of existmg ones (due to 1epeated stimula- 
tion by the new tone combmation), an organized activity 1s 
aroused, i which, however, some conflict remains, and, finally, 
organization reaches a pomt at which the sensory stimulation no 
longer offers any check to the phase sequence, and pleasure has 
disappeared. This phenomenon m music might be subsumed 
quite well under Woodworth’s generalization concernmg the 
role of problem-solvmg m art appreciation, but still more easily 
by the present formulation. What I have sought here ıs a gen- 
eralization that would subsume not only the problem-solvmg 
factor, but also the effects of novelty and of a mild degree of 
fear, m contributmg to pleasure. 

Tn its relation to the rest of the theory presented in this book, 
the discussion of pleasure has had two significances Furst, 1t 1s 
impoitant to show that the theory of emotional disturbance in 
the followmg chapter does not require that all conflict 1s un- 
pleasant and grossly disruptive of behavior, on the contrary, 
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some degree of conflict 1s stimulating and necessary to the mam- 
tenance of normal responsiveness to the envionment 

Secondly, whether st 18 eventually found to be adequate oy 
not, this discussion of pleasure together with the hypotheses of 
the nature of pam and emotional disturbance represents my at- 
tempt to be rid once and for all of the little man mside the skull 
who approves of some sensory events relayed to hum by the 
nervous system, disapproves of others, and gudes behavior ac- 
cordingly who encomages stunulation of the afferents fom the 
gemtaha m his crafty and teleological am to perpetuate the 
species, and who for the same purposes becomes violent when 
G fibers are stmulated o when he foresees that they me gong 
to be, By some such appoach as the one suggested, 1t may 
become posable to understand the directedness and order m 
behavior, and the vanability of motivation, as produced hy 
neural funchonmg alone, 


l 0, Emotional Disturbances 


The discussion of emotion has been about as confused as that 
of any topic in psychology, partly because the te:mmology 1s 
often equivocal and partly because tradition canes great weight 
mm this part of the field and it 1s haid to keep a modern point 
of view consistently, The present chapter deals with emotional 
disturbance mstead of emotion, for reasons to be made plam, 
and the discussion 1s limited im other respects It ıs not con- 
ceined mamly with sham 1age and the hypothalamus, o with 
emotion as a kind of awareness, 01 with emotion as it may exist 
in states of quiet affection and the ke “Emotional disturbance” 
here ıs used to refer to the volent and unpleasant emotions, 
1oughly, and to the tansıient nntabılıties and anxieties of ordi- 
nary persons as well as to neurotic or psychotic disorder. Let 
me offer what justification I can for such an atiangement of 
topics, 


EMOTION AS DISTINCT FROM SHAM RAGE 


Smce the work of Bad (1934), the phenomenon of sham 
rage and its dependence on the posterim hypothalamus have 
held the center of the stage in the theory of emotion But the 
analyses of Lashley (1988c) and Masserman (1942), particu- 
larly where they have dealt with the clmical data that weie 
supposed to establish the diencephalon as the seat of human 
emotion, have lumited the emotional functions of this region to 
a motor mtegration An equally sigmficant modification of his 
earlie. work has been made by Bard (1942) himself He has 
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terior hypothalamus only has been destroyed—a most important 
observation, 

Thus, “.:age” is not localized in the hypothalamus. Also, the 
1age of the decorticate cat 1s markedly different from the normal, 
so the name “sham rage” was properly chosen and should be 
taken literally Sham 1age ıs different m its time properties, 
lackmg duration or after-dischairge followmg stimulation, it 1s 
different in the rigidity of its pattern, havmg almost none of the 
normal variability of motor expression, and it differs radically 
m the limited range of strmulation that 1s adequate to elicit 1t 
Also, Spiegel, Milla, and Oppenheimer (1940) have reported 
the production of rage by lesions of (1) tuberculum olfactorum, 
(2) hippocampus and fornix, and (3) amygdaloid complex, and 
slight, transient signs of rage from damage to (4) the pyrifoim 
cortex. 

Apart from these considerations, there are other emotional 
processes besides those that produce overt rage behavior. It is 
true that fear as well as rage has been evoked fiom the decorh- 
cate cat, but apparently only by auditory stimulation and with 
considerable difficulty Further, strong emotional disturbance 
can exist in the mtact anmal without producmg ether clearcut 
attack or cowering and flight The problem of emotion, in short, 
1s not simply the problem of the moto: pattern of sham rage (or 
“sham fear”) It 1s of course essential to have discovered the 
unexpected extent to which rage and fear patterns may appear 
in the decorticate animal Bard’s work was one of the most 
important smgle contributions to unde:standmg emotion But, 
given that knowledge, we must go on next to ask how the hypo- 
thalamic expression 1s modified by the presence of a large 
thalamus and cortex, how leainmg affects emotional behavion, 
and the relationship of emotion to perception and thought. 


EMOTION NOT A STATE OF CONSCIOUSNESS 


Traditionally, emotion 1s an awareness, an event in conscious- 
ness. Here, perhaps more than anywhere else m psychology, a 
traditional interactionism (which 1s animism) tends to persist 
The afferent excitation 1s thought to produce a feelmg or awaie- 
ness, and that feeling then acts on the nervous system—it must 
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do so, accoiding to such ideas, for it is the feeling that makes 
the subject sweat or tremble or run away, and the sweat glands 
and the legs are controlled by nerve fibers 

Just such an inconsistency of thought has led to an endless, 
and pointless, debate on the James-Lange theory of emotion. 
What James and Lange were accounting for, agam, was that 
emotional feeling 01 awaieness, they postulated that the awaie- 
ness ıs a set of sensations, that the awareness follows and does 
not cause emotional behavior (“I see the bear, I run, I feel 
afiaid”) Ther critics proceeded to show that emotional expres- 
sion 1s still there m the dog whose senso1y processes have been 
mter fered with, and thought this a refutation of the theory But 
such an argument 1s totally nielevant, James did not say that 
emotional behavior depends on sensations from the lhmbs and 
viscera 

It 1s equally nrelevant to show that emotional expression 1s 
centially organized, m the hypothalamus. If James had raised 
the question at all, he must have assumed something of the sort; 
remember that what he denied was that consciousness intervenes 
between stimulus and response Therefore, showing that the 
“higher” centers of the cortex are not needed for the response 1s 
clearly support for his position The extraordmaiy non sequitur 
of such criticisms, made by some very distmguished critics m- 
deed, would not be possible if there were not the immutable 
idea that only emotional awareness o1 feelmg can produce emo- 
tional response If the 1esponse 1s there, the feelmg must be 
also Such logic, assummg James to be wrong first, m order to 
prove him wrong, 1s the clearest evidence of the hold traditional 
ideas have on psychological thought 

But we must get md of the tradition both for scientific con- 
sistency and because psychological observers have been unanı- 
mous in denying that there 1s any special, fundamental category 
of consciousness that can be called emotion “Emotional expert- 
ence is a highly variable state [and] often partakes of the 
complicated natue of a judgment” (Landis and Hunt, 1932) I 
have 1eviewed the evidence on this pomt elsewhere (Hebb, 
19462) and need not go mto it agam, Since it seems that the 
term emotion does not 1efer to a special kind of event m con- 
sciousness, and smee in any case we must not slp into the in- 
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consistency of treatmg an immaterial awareness as a causal 
agency, the term is not very useful in its traditional significance 
At the same time, we must postulate that the disturbances of 
emotional behavior have a neural o11gin, and the term emotion 
still can be useful to refer to the neuzal processes that produce 
emotional behavior. 

It ıs important to be clear that in this discussion “emotion” is 
a reference to the hypothetical neural processes that produce 
emotional behavior, explicitly, 1t 1efers neithe: to an mmmatenal 
state of consciousness nor to the observable pattern of emotional 
behavio1. 


EMOTION AS A DISORGANIZING INFLUENCE 


The thud pomt to be clarified 1s the distinction between emo- 
tional disturbance and those processes (also called emotional) 
which are inherently organizmg and motivatmg A paper by 
Leeper (1948) has urged that all emotion be considered to have 
such an mtegratmg function. He has expressed a commonly 
held pomt of view, and has at the same time I believe clouded 
the issue with which he dealt His position demands consid- 
eration 

Leeper has shown effectively that regardmg emotion as disoi- 
ganizing has led some of us ito an mmconsistency, but he has 
proposed another mconsistency to take 1ts place He pomts ont 
that others have first defined emotion as a disorganization of 
behavior and have then gone on to give mother-love as one 
example of emotion This 1s certamly mconsistent But how is 
it different logically from definmg emotion as somethmg that 
makes behavior more efficient and at the same time giving, as 
examples, the stage fiight that rums a peiformance, the anger 
that makes a boxer less skillful, and the mental depiession that 
makes a man unable to earn a livmg? I must add at once that 
Leepe: anticipated this ciiticism He answered it by saying that, 
though emotion may sometimes disoiganize, the disorganization 
1s not characteristic because it occurs only (1) when emotion 
is extreme, or (2) when the emotion conflicts with some othe 
motivation. As far as one can see, however, the first of these 
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explanations depends on a mistaken use of analogy, the second 
begs the question 

1 It might be doubted whether emotion 1s disorganizing only 
when extreme A touch of shyness or of self-consciousness, for 
example, may sometimes 1um one’s conversational skills. Leave 
this to one side, however, and accept the assumption that only 
strong emotion disrupts behavio1 

The idea that such an effect does not mdicate the true nature 
of emotion depends on this analogy An excess of salt or oxygen 
has toxic effects, “but we do not use this as a means of deter- 
munmg the normal functions of such products The sarne logic, 
then, should apply to emotional processes” (Leeper, 1948, p 
15) But we must really use the same logic We must, that 15, 
ask the same question m both cases The question does not 
concern the “normal function” of emotion, but what emotion 1s 
No one doubts that fear has a useful function, aiding survival, 
the question 1s, howP Might fear not be a simple disrupter of 
behavior and stil be useful, if the disruption is maimly of the 
behavioi that gets us m trouble? Emotion could then be disor- 
ganization and still have its survival value, because the disor- 
ganization 1s sclective, elammatmg some actions and allowmg 
others to take then place 

If we accept the analogy between emotion and salt we still 
can say that emotion is disruptive of behavior, that ıt generally 
has a useful function when it occurs m moderate degree and 
bad effects when there ıs too much of it~exactly as with salt on 
oxygen 

2 In discussing the stage fright that keeps a pianist from 
giving a good performance, Leeper says the emotion ıs not a 
diso.ganizer of behavior because, by itself, 1t would produce 
only fight—a well-organized pattern of behavio: This seems to 
beg the question, smce the pianist neither 1uns away nor stays 
to play well Leeper says ıt 1s not the emotion that produces his 
mecoordinations, but the conflict But if there were no conflict 
at all, would there be any emotion? Are the conflict and the 
emotion quite mdependent? 

The difficulty here is clearest by Leeper’s own criterion of 
“organization” He pomts out first that any dnected behavior 
means the suppression of conflictmg tendencies, so conflict 1s not 
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ipso facto disorganization. The test ıs “whether [an] imterfer- 
ence 18 relatively chaotic and haphazaid, m whether the sup- 
pressions and changes of subordmate activities a1e harmonious 
with some main function that 1s being served” The tiembling, 
palmar sweating, distubance of bieathmg, and mcoordinations 
of the pianist’s fingers, obviously, ae not harmonious with the 
man function bemg served—until he actually runs away Could 
we 1egard his emotion as solely o1ganizmg even then? See what 
this implies If we are 1eally consistent in saying that any dis- 
organization m emotion 1s accidental, that emotion 1s essentially 
an organizer only, then a well-o.ganized avoidance 1s at least as 
much an instance of fear as an il-o1ganized one. Consequently, 
the pianist who anticipates the possibility of stage fight, and 
calmly decides to keep away from the stage, piovides as good 
an example of emotion as the one that trembles betore an audi- 
ence We have deliberately got rid of any ciiterion of emotion 
except that it “arouses, sustams, and directs” behavior We have 
equated avoidance and tear, aggression and anger But these 
surely aie not identical 

The upshot of such an argument 1s to bioaden the category 
of emotion so much that 1t includes all psychological processes 
We should then have to find another name for the distinctive 
event that—at present—is called emotional 

How are we to find some halfway pomt between this position 
and the one that Leeper has criticized so effectively? I thmk it 
ıs evident that Munn, Young, Dockeray, Woodworth, Landis, 
and so on (authors criticized tor tieatmg cmotion as disorgant 
zation), were after all not as absurd as Leeper thought them, 
at the same time, he has made untenable the proposition that 
“emotion” simply means a disruption of behavior 

A way out, I beleve, can be found if we do two thmgs first, 
stop talkmg about emotions as a single, fundamental kind of 
unitary psychological process, and separate (1) those mm which 
the tendency 1s to mamtam o1 increase the o1ginal stimulatmg 
conditions (pleasmable or mtegrative emotions) fiom (2) those 
m which the tendency ıs to abohsh or decrease the stimulus 
(rage, fear, disgust), mcludmg, however, depressions in which 
the organism may discover no way of escape fiom the condition 
givmg rise to the emotion. Secondly, if it is assumed that 


Rage and Fear in Chimpanzees 241 


stimuli in class 2 above are essentially dismtegiative, 1t must also 
be recognized that the disintegration mm 1age or fea: is often 
incyment or potential and hkely to be successfully averted by the 
aggression o1 avoidance of the subject 

As to the first of these pomts, we have no need to bimg to- 
gether pleasuie-seeking and melancholia, mothei-love and temper 
tantrums, always in the same smgle category—“emotion” I have, 
m the precedmg chaptei, discussed pleasme as a special prob- 
lem, and I propose in this one to ty to deal with a quite dif- 
ferent sort of process. Smce “emotion” undoubtedly will often 
continue to mean aflection or pride as well as anxiety or shame, 
“emotional disturbance” ıs a bette way of designating the sub- 
ject matte: of the present chapter 


RAGE AND FEAR IN CHIMPANZEES 


The theory of emotion pioposed by Watson (1924) is by now 
classical It held that there are three innate emotions, rage, 
fea, and love 1age aioused by a restriction of physical move- 
ment, fear by a loud norse or sudden loss ot support (and pre- 
sumably, pam), love by stimulation of the genitalia These 
stimuli may then seive to condition others: 1f a child fears ant 
mals, ıt ıs because he has been scratched by a cat or knocked 
over, perhaps, by a firendly dog while leainmg to walk As soon 
as one tres to apply this theory to the emotional disturbances 
that are actually observed ım children, serous difficulty shows 
up; it 1s not 1eally plausible, and it has been subjected to pow- 
eiful ciiticism by Dennis (1940) on rage, by Jones and Jones 
(1928) on fear, and by Valentme (1930), also on fear But it 
has been hard to document the c11ticism with experimental evi- 
dence, for two 1easons Fust, it ıs not safe o1 socially permitted 
to alouse a stiong degree of emotion m human subjects for 
experimental study Important as the topic 1s, consequently, we 
have surprismgly little exact mformation about the causes and 
consequences of human emotion—above all, of adult emotion. 
Secondly, when one studies emotion as it occurs socially, outside 
the laboratory, it 1s almost umpossible to know the antecedent 
conditions as they must be known if one is to understand the 
present responses of the subject. 
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But neither of these objections need apply to the study of 
emotion in animals, and the chimpanzee foitunately has an emo- 
tional repeitone that ıs very lke man’s The thimgs that annoy 
us ae apt to annoy him, and he shows his annoyance much as 
we do, his fears m some 1espects aie astonishingly like man’s— 
m what 1s feared, in complexity of the causes of fear, m the re- 
lation of fear to mtellectual development, ın resistance to extinc- 
tion or reconditioning, and m the marked mdividual differences 
between one subject and the next Even more, there aie data 
on what were with practical certainty two cases of neurosis o1 
psychosis in matue chimpanzees whose Imstotes were known 
fiom buth o1 very early mfancy, one boin ın the Yerkes Labora- 
tores ot Primate Biology and one captured m the first year of 
life These animals of the Yerkes colony can be studied as 
human subjects cannot. Then histories ane known m detail, 
being 1ecorded in mdividual diaries With these data, one 1s 
in a position to see just what complexity of 1esponse must be 
provided tor ın a theory of emotion, chronic as well as acute 

The causes of 1age may have nothing to do with physical ie- 
stramt of movement When the chimpanzee Dita, in heat, would 
sit where he could watch her from the next cage but one, Don 
secmed calm (if not content), but he had a temper tantrum 
1epeatedly whenever she left the outer cage for an mner 100m 
where he could not see hei. When Mona had a noisy temper 
tantum because Pan had stolen a peanut fiom her, Pan was 
finally enraged to the pomt of beatmg har up A chimpanzee 
may be angered by a 1epiool, by bemg startled, or by bemg 
obliged to look at something unpleasant such as a model ot a 
snake These causes act “spontaneously”, that 1s, the emotional 
disturbance does not have to be leaned, any more than a human 
bemg must learn specially to be angıy at disturbance of the 
peace, at bemg shown somethmg nasty, or at bemg momen- 
tauly scared by a practical joker (Hebb, 1945¢)—although, as 
we shall see, a certain kind of learning, m mfancy, may have to 
have been established first 

The causes of fear mclude not only loud noise o1 sudden fall, 
but snakes with which an animal has never had contact (this 
can be known certamly with some chimpanzees 1eared m the 
nursery), solitude, and the strange or mystenous McCulloch 
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and Haslerud (1939) have analyzed such fears m a young chm- 
panzee 1eared quite apart from others, and were thus able to 
show that they are not necessary acquired by “social condition- 
ing” or imutation. I discovered accidentally that some of the 
chimpanzees of the Yerkes colony might have a paroxysm of 
terror at bemg shown a model of a human or chimpanzee head 
detached from the body, young mfants showed no fear, mcieas- 
ing excitement was evident m the older (half-giown) animals, 
and those adults that were not frankly terrified were still con- 
siderably excited. These mdividual differences among adults, 
and the difference of response at different ages, are quite like 
the human differences m attitude toward snakes, the frequency 
and strength of fear increasmg up to the age of seventeen or so 
in persons who had never been myured by a snake (Jones and 
Jones, 1928), The increase fits m with the conception that many 
fears depend on some degiee of intellectual development, and 
so with the idea that the range of such fears is characteristic of 
“higher” animals ike man and chimpanzee (McBride and Hebb, 
1948) 

The observations using detached heads were then followed up 
by others, using various stumuli an isolated eye and eyebrow, a 
cast of a chimpanzee’s face, a skull, a cured chimpanzee hide, 
an anesthetized chimpanzee 

Two things appeared first, that such stumulation may be pri- 
mauily a source of profound excitation, rather than specifically 
fear-pioducmg, the excitation was usually followed by avoid- 
ance, but sometimes by aggression, and sometimes it produced 
a maiked autonomic reaction combmed with apparent fnendh- 
ness On occasion, a confusing mixture of all these 1eactions 
was seen 

Secondly, this primitive excitation appeared to be fully parallel 
to the human emotional disturbance that may occur at the sight 
of a badly detormed face, in watching a major operation, dis- 
section, 01 autopsy for the first time, or as a result of contact 
with a dead body (Hebb, 1946b) Ths human disturbance, 
like the chimpanzee’s, 1s not specific—it may take the fom of 
nausea, of vascular disturbance and dizziness, of disgust or fear, 
or may even facilitate angen (eg, at “deseciation” of the dead). 
It 1s rmportant to 1ecogmize individual differences of sensitivity 
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to such expenences, and the loss of sensitivity with 1epeated 
exposure (which is presumably an effect of leainmg), but this 
does not mean that the responses aie wholly leained The evi. 
dence is very definitely to the contrary. the degiee of excitation 
1s likely to be stiongest on the first exposuie, provided certam 
other experiences have preceded. On the other hand, the dis- 
appearance of 1esponse with repetition must be an effect of 
learnmg, and I believe we must assume that it 1s learnmg also 
that establishes any mtegiated 1esponse to such stimuli, trans- 
forming a nonspecific emotional distu.bance mto an organized 
fight (disturbance plus a tendency to fhght then constitutmg 
fear) o1 aggiession (constituting 1age) 

The complex origm of emotional distuubance may be clearest 
ın the infant fear of strangers. About the age of four months 
the chimpanzee reared m the nursery, with daily care from three 
or fom persons only and seemg few others, begms to show an 
emotional dist bance at the approach of a shhanger (Hebb and 
Riesen, 1943) The disturbance incieases m degiee in the fol- 
lowmg months This 1s “shyness” but may become much more 
violent than that tem would usually unply It commonly shows 
up m the human baby about the sixth or seventh month (The 
age difference 1s m keepmg with the tact that chimpanzee de- 
velopment generally takes only about two-thuds of the time for 
the corresponding human development ) Everyday experience 
tells us that shyness does not occur ım the human child that is 
contmually im contact with strangeis, and that it 1s very strong, 
as a distiust o1 fear of “foreigners” (even m adults) im isolated 
communities We might then suppose that the excitation out of 
which the fear develops is aroused mnately at the sight of a 
stranger, but extmguished if enough new faces are seen with no 
accompanymg myury But this supposition is wrong there is 
definite evidence that the response 1s not nately established 

Dennis (1984) poimted out that human patients, congenttally 
blind and operated on to restore vision, have shown no emotional 
disturbance at the fist sight of a human face Chimpanzees 
reared ın darkness, and brought mto the light at an age when 
the response normally would be at its strongest, show not the 
slightest disturbance at the sight of either friend or stranger, 
But some time later, after a certam amount of visual learnmg 


Mental Illness in Chimpanzees 245 


has gone on, the disturbance begins to appear exactly as in other 
animals 

So it appears that the emotional disturbance is neither learned 
nor innate a ceilam learnmg must have preceded, but given 
that leainmg the disturbance 1s complete on the first appearance 
of ceitam strmulus combmations Dennis (1940) has also made 
it clear that temper tant:ums aie not learned, and still 1equire 
that other thmgs have been learned first We are accustomed 
to thmk of any paiticular response as either learned 01 mnate, 
which 1s apt to be a souice of confusion m thmkmg about such 
things as far apart as an insightful act or newotic behavior—is 
the response mmhertted, or acquired? The answer 1s, Neither: 
eithe: Yes 0: No would be very misleadmg The miational emo- 
tional disturbances of man and chimpanzee aie fully dependent 
on learnmg, but aie not learned im the usual sense of the term 

On the othe: hand, m o1dei to account for the specific proc- 
esses of rage and fear, and the mtegrated, adaptive 1esponses of 
aggression and flight, we must I believe give leaining its role 
This point will be returned to afte: bioadenmg the field of our 
mquiry by considermg two cases of mental illness m chim- 
panzees, 


MENTAL ILLNESS IN CHIMPANZEES 


Now, before turning to the mechanism of these responses, let 
me report two cases of apparent neurosis or psychosis m the 
chimpanzee Here agam we have the advantage of knowing 
more of the previous experience of the patients than 1s possible 
with most human patients m the climic We have no verbal 
recollections to go by (1ecollection m clinical cases, after all, 1s 
apt to be unieliable), but the animals’ experience, m cage life, 
is much less vaiied than a man’s would be and—once moie—the 
chimpanzees of the Yerkes colony have been under daily obser- 
vation by tiained observers who have faithfully recorded at the 
time of its occurrence any observed illness, unusual experience, 
o1 peculiarity of behavior 

We have further, m the particular cases to be discussed, the 
mvaluable asset of control subjects It happens that four chım- 
panzees weie reared together for a large part of the develop- 
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mental period, m the same cucumstances. Alpha, Kambi, Bula, 
and Bimba. Alpha and Bula were born m captivity, Kambi and 
Bimba were captued wild, at about nine months of age. Noth- 
mg was recoided, and nothing could late: be recalled, by the 
trained workers who reared them, that would account for any 
great differences m the adult personalities of these four chim- 
panzees Yet, by the time of adolescence, one of the four 
(Kamb1) was a hypochondiiac—as far as behavior could show, 
and one other (Alpha) m full matuity suddenly developed an 
extreme phobia. Let me grve these histories in more detail, 

Alpha was born in 1980, the first chimpanzee to be born m the 
Yerkes colony She was taken from her mother mmmediately and 
reared apart from other chimpanzees until she was one yea old 
(Jacobsen, Jacobsen, and Yoshioka, 1982) She then was brought 
mto the laboratory, as one of the group of fou to which I have 
aheady referred The menaiche was at age exght, and her sexual 
behavior with males has always been entirely normal The con- 
census of the staff was that Alpha, as she became matune, had 
a shong hkmg fo. human company, was not particularly bight 
and was vely obstmate but still a good expeimental subject 
Otherwise she was just a chimpanzee Chimpanzees, lke men, 
have thew mdividual peculiarities, and no gieat prognostic sig- 
nificance was attached to some small pecuhaiities of Alpha’s— 
although, m the hght of her later psycluatric problem, some of 
the peculiarities were pecularly Freudian, Alpha would defi- 
nitely not have anything to do with any caiot with a foiked 
root, nor usually with any long cylmdrical vegetable such as 
okia, though when carrot 0: okia was cut up before he: eyes she 
would accept and eat the pieces immediately Fmally, she had 
a marked tendency to masturbate, frequently agamst the water 
faucet projecting from the wall of he. cage, whenever a human 
bemg came m sight. 

In 1942, when Alpha was twelve (co11esponding roughly to 
full matuitty), a serious disturbance of behavior appeared With 
no warning signs, she suddenly refused all solid foods, despite 
bemg very hungiy. It then appeaed that she would eat at once 
1f food was cut small for hei, and a number of tests showed con- 
clusively that she was violently afiaid of contact with any piece 
of food more than an mch or so m length or thickness Con- 
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siderations given elsewhere (Hebb, 1947) lead me to believe 
that this behavior cannot be sufficiently explamed as due to m- 
jury, as from a thoin o1 stmgmg insect in the food, though such 
event may well have been the precipitant The fears fluctuated 
considerably, but waned gradually until they had completely dis- 
appeared two years after the o1gmal onset, then, after another 
year, they reappeared with equal suddenness and seveiity (this 
second episode clearmg up more promptly, however). 

A fuithe: phenomenon, of the gieatest importance fo. showmg 
the parallel with clinical cases, was obse1ved during the first of 
these two neurotic or psychotic episodes Fou months after the 
first onset, when the fear of food had gieatly decieased, Alpha 
out of a blue sky developed a stiong feai of me, later a violent 
aggression, and then (having been soaked with wate: from a 
hose fo. hei persistent attacks) became quite friendly, at the 
same time reveitimg to hei fear of food 

Two friendly critics, on the occasion of the on1gmal 1epoit of 
this case, were able (with serious mtent) to diagnose the case 
and explam the cause of Ulness. Alpha, m shout, was in love 
with me, the earlier fear of forked canot and of cylmduical ob- 
jects, and the masturbation agamst a piojecting wate: faucet, 
weie not the only Freudian features of the case The aggiession 
occunied because Alpha had had to 1epress he: unmaidenly de- 
sires, with an mevitable result This is an interesting idea, hiking 
chimpanzees (01 some chimpanzees), it would please me to 
thmk them capable of such delicacy, such capacity for repiessing 
vulgai desne—m short, to thmk of chimpanzees as having Super- 
egos 

But if Alpha had a Superego its operation was 1athe: hnt-and- 
miss, and m many of he: dealmgs with other chimpanzces (or 
with the staff), and m some of her peisonal habits, there was 
little sign of self-1mposed restuictions If Alpha was ın love, ıt 
must have been with someone else, and her emotional distu1b- 
ance had no 1elation to fluctuating level of sex drive, which mn 
chimpanzees 1s duectly correlated with the menstiual cycle. It 
might be amusing to ty to psychoanalyze Alpha, but it seems it 
would not be very profitable either as therapy o1 as a contribu- 
tion to knowledge 

The second history 1s quite different 
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Kambi was captured at the estimated age of nme months and 
1eaied constantly in the company of othe: females of he: own 
age From eighteen months of age onward, she was one of the 
gioup of fom—Alpha, Kambi, Bula, Biba Morphine addiction 
was buiefly established at the age of eght (Spragg, 1940) She 
showed almost none of the usual sex play betore menarche (at 
age nme) and copulated once only afte: 1t—although she showed 
the physical signs of coming mto heat periodically, with the 
menstrual cycle She was spayed at the age of twelve for expen- 
mental purposes, with no apparent change im over-all personality, 

To summarize Kambrs behavioral disturbance first an clinically 
intclligible language, she gave the unpression from early child- 
hood of bemg introverted, with a ve1y stiong pieference for 
human company, and subject to petiods of depression. During 
adolescence, the depiession when ıt occurred was extreme The 
attacks contmued after maturity and often lasted for months at 
atime Her depression was sometimes imuitiated by a somatic 
ulness, when it did begin so, it did not clear up with the illness 
but contmued long after * 

The actual evidence of depression 1s as follows Ordinarily 
Kambi was easily annoyed by failue to get something she 
wanted, but she was always 1esponsive to (and acted in a way 
that was likely to get) attention fiom the human staff, definitely 
more mterested m such attention than m food, but ordmarily 
getting enough to eat But then for a penod up to sıx or eight 
months m length she would sit day after day with ha back 
hunched up against the wall of her cage, neve1 seckmg attention 
and raiely respondmg to human overtures, and almost totally 
uninterested ın food so that it she were not caged alone she 
might have starved definrtely a different animal 

Once more the case shows a Freudian element, m Kambrs 


*J am mdebted, fo. some of the obseivations in this summary, to Dr 
Heury W Nissen, who knew Kambi thoroughly m her mfaney and at ma~ 
tunty. It was he who obtamed her m Afiica and brought her to the 
Yeikes colony with Bumba and a number of other young animals, and later 
had personal charge of ther rearmg I should emphasize that the descrip- 
hon is à convewment way of reporting behavior and does not necessarily 
mmply anythmg about conscious states Kambi m short acted as a depressed 
introverted human might act 
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lack of sexual motivation (which has, however, been obseived in 
other animals at the Yerkes labouatoues, with no sign of psy- 
chotic mvolvement). But no traumatic sexual event can be ad- 
duced to account for this The one copulation that was obseived 
was quite normal, and Kambv’s lack of sexual responsiveness had 
appeaied much earlie: Disturbed ideas about sex aie common 
m human mental illness, but so aie disturbances of eatmg and 
sleep, and there 1s usually no evidence to show that sexual con- 
flict occuis first and 1s the cause of the more piofound disturb- 
ance of which it is part In Kambr’s case there was no evidence 
of sexual conflict at all—simply a complete lack of apparent 
interest 

The emphasis in these two histories of chimpanzee psychosis, 
ol neurosis, 1s on the absence of any paiticular experience to 
which the behavioral breakdown can be ascribed But I do not 
suggest for a moment that experience 1s not a factor, I shall wge 
later that experience is a factor m almost any emotional bieak- 
down. The pomt hee 1s that 1f 1t was the mam factor, m these 
two cases, it must have operated in a way that we do not at 
present understand at all, and quite unlike the mechanism of the 
“experimental neuzosis ” 

The fact to be kept m mmd 1s that we have two chimpanzees 
as contiol subjects (nm an unplanned expeiiment, since no one 
foresaw the later course of development in Alpha and Kambi, 
but still an excellent expeimment) After capture, Bimba had 
the same general expetiences as Kambi (both captmed at the 
estimated age of nme or ten months), m every 1espect that our 
present knowledge would suggest ıs smpoitant There 1s no 
basis for postulatmg some special tiauma fo. Kambi before she 
came under psychological observation, for the diaries of the two 
animals show that for the first three years of captivity it was 
Bimba, not Kamb1, that was less well adapted to her envuon- 
ment more fearful, less trustmg, less coopeiative m an expeu- 
ment—until the age of four, when the 1oles were gradually 1¢- 
versed. 

Agam, Alpha and Bula were both born m captivity, and 
though Bula was left with her mother until the age of fourteen 
months whereas Alpha was removed at buth, there 1s httle sign 
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in the diaries of the subsequent fom or five yeais to show that 
this had any effect on their late: adjustments. 

Experience, and experience alone, may have been the decisive 
factor m the bieakdown of two of these four animals at maturity, 
but, if so, ıt operated ın some way that 1s quite mysterious in the 
light of our piesent knowledge of behavior. Freudian theory 
has the ciedit of 1ecognizmg the existence of a kind of leainmg 
that causes, apparently, no ummediate emotional disturbance 
and yet may contribute to one much late: Such learnmg un- 
doubtedly occurs, and may well have been mvolved in Alpha’s 
or Kambrs illness, but if this 1s to be postulated we must find 
some way of mcoiporating it into other learnmg theory—not as 
an ad hoc assumption specially made to deal with mental 
illness. 


MECHANISMS OF EMOTIONAL RESPONSE 


What I believe to be the mechanisms of primaiy emotional 
disturbance have been discussed in preceding chapters, together 
with a mechanism of emotional learnmg It 1emams to pull the 
eailie: discussions together and to try to show how a mechanism 
of leainmg might tiansfo1m emotional disturbance, as a bieak- 
down of adaptation, mto the adaptive responses of attack, flight, 
and so on. that 1s, how anger o1 fea: might develop out of an 
undifferentiated emotional disturbance, and how a failue to 
develop an adaptive mode of response might constitute neurosis 

The aspects of emotional disturbance that mamly determine 
this treatment of the problem can be summaiized as tollows (1) 
the great variety of causes of distuibance, 1angmg from an un- 
familia1 combmation of familiar things (fea: of the strange) or 
an mterruption of sleep, to hunge1, nutritional deficiency, or 
withdrawal of a diug fiom the addict, (2) the fact that a single 
cause may produce anger, fear, or nausea and faintness, m the 
same subject at different tumes, or ın diferent subjects, (3) the 
great variety of expiession even of a smgle emotion, and (4) the 
different ways in which the expiession of emotion changes, as the 
subject ıs habituated to the stimulating conditions 

To account for item 1, ıt has been assumed that the emotion 
is a disturbance m the timing of thalamo-coutical fiamg—a dis- 
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1uption of the phase sequence when the subject ıs awake, of the 
mtrmsic organization of cerebral activity when he 1s asleep. The 
disruption may be slight and brief, m this hypothesis, or exten- 
stve and prolonged, 1t may be produced by a conflict of phase 
sequences, by a lack of sensory support for the phase sequence, 
or by metabolic changes. 

Now the question is, how fai a second assumption can account 
for 1tems 2, 38, and 4, listed above This assumption was made 
earher (p 150), to account for the leainmg by a 1at to choose 
a lighte. door and avoid a datker one, m discrrmmation tram- 
mg It is, m short, that a disruption of thalamo-cortical timing 
tends to prevent the recuirence of the phase sequence that led up 
to that disruption on pievious occasions, because of the cyclical 
(anticipatory and recuiient) organization of the phase sequence 
This 1s a mechanism of leainmg, and it 1s proposed now that it 
would account tor the adaptive features of rage (emotional dis- 
turbance plus attack) or fear (the same thing plus avoidance), 
as learned behavio: that 1s deteammed by the accompanyimg 
emotional disturbance, Paiticularly, 1t would account fo. the 
vatiability of the behavior and foi the marked tendency of the 
emotional element itself to disappear as the origimally distu bing 
situation is repeated. 

Above and beyond the question of the mtrmsic plausibility of 
the idea that flight, m fear, 1s a learned 1esponse (1t may not be 
as implausible as it seems at first glance), 1s the apparent neces- 
sity of my fiist assumption, that emotional disturbance 1s a dis- 
ruption of cerebial trmmg Ii this is necessary, we must then 
find some way of accountmg for the other aspects of emotional 
behavior: Let us look agam, then, at the causes of emotional dis- 
turbance, which may be arranged in thee classes. 

Class I Take as a starting poimt the infant chimpanzees fear 
of the stange It has aleady been seen that this 1s not imnate, 
not a fear of what is totally strange, smce the animal rened in 
darkness does not show it until vision m general has begun to 
have some “meaning” for him (until it arouses phase sequences). 
Consider fiither that a familia: attendant A, weaiing the equally 
familiar coat B of another attendant, may arouse the fear just as 
a complete stranger would A causes no disturbance, B causes 
none, A and B together cause a violent emotional reaction It 
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is this soit of fact that makes it necessary to suppose that two 
phase sequences may mterfere with one another The first class 
of emotional disturbance thus 1s one caused by a conflict (which 
may be extended to the disruptive effect of pain stimuli and 
other “unpleasant” sensory events) 

Class IL Now a second case It was for long heresy to sup- 
pose that the1e could be a fear of darkness Darkness ıs a lack 
of stmulatıon (at least afte1 the first few seconds in the dark); 
how can it arouse an emotional 1esponse? Fear of the dark ıs 
not likely to appeai until the age of thee o1 later in human chil- 
dren (Jersild and Holmes, 1935) and so the skeptic who thought 
that his child developed the fear without cause could be an- 
swered by the old appeal to ignorance how can he be certain, 
with the vared unsupervised experiences a child must have m 
a three-year period? However, the violent avoidance of solitude 
by young chimpanzees (Kohler, 1925) 1s at least as marked as 
the human fear of the dark, and can be shown to be duc only 
to the lack of the perception of companions This then umplies 
a second class of emotional disturbance fea: of the dark, fear 
of solitude, fear aroused by loss of support, and the emotional 
changes observed by Ramsdell * followmg piolonged absence ot 
the normal auditory stimulation It would compiise also emo- 
tional dist bance due to contact with a dead body (which lacks 
warmth and the usual responsiveness), ange: at the lack of social 
1esponse in anothe1 person (“imattentiveness”), o1 a monkey's 
anger at not findimg the particular kmd of food 1ewaid he ex- 
pected (Tmklepaugh, 1928), grief, homesickness, and so on 


* Personal commumcation from Dr Donald A Ramsdell, who was con- 
cerned to understand the high frequency of marked emotional changes 
which he observed im veterans followmg traumatic loss of hearmg He 
arranged experimentally to deafen himself, effectively elummating airborne 
sounds for a period of three days The results are described by Dr 
Ramsdell as follows, particularly with 1egaid to the question whethe the 
deafness would contribute to any neurotic or psychote tendency 

“In my expenence there was a define mcerease of wriıtabıilıty and a de- 
sire to either withdraw from the field or, if held m the field, to ‘charge’ mto 
1t This would be comparable to bemg wmtated with a fend, and either 
withdrawing without saying anything or ‘letting him have it’? Such be- 
havior would not be characterized by ideas of persecution nor suspicion of 
the frend However, you might say that the desire to ‘charge’ into a situa- 
tion 1s such stuff as paranoia 1s made of, but for a true paranoid idea of 
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That a conflict of phase sequences, or a lack of sensory sup- 
poit for the phase sequence, should produce any extensive dis- 
ruption in the timing of cortical action 1s not a logically mescap- 
able deduction from the schema of neuial action presented in 
Chapters 4 and 5 What the schematizmg actually did was 
suggest the possibility, as somcthmg that would account for a 
similar effect of two so dissumilai causes and make the 1elation- 
ship between peiception and emotional disturbance intelligible 
The 1dea then seemed to gam strong support when ıt drew atten- 
tion to another set of facts that 1s usually forgotten in discussmg 
emotional theory These facts concein the relationship of emo- 
tional disturbance to metabolic changes 

Class IIL The thud class of the causes of fear, 1age, and so 
on, though it was actually arrived at last in formulating these 
ideas, comes neaier than either of the others to bemg a neces- 
say consequence of the neural schema To the earlier discus- 
sion of the effects of chemical changes in the nutitent fluids that 
bathe the neural cell (p 196), showmg that a distubance of 
timmg must result, I need add only that a large mtracranial 
tumor, compressmg blood vessels and mteifermg with blood 
flow, obviously could have simula: effects, and also that asthma, 
or vascular disease, 01 an antigen acting to produce vascula 
spasm im intiacranial vessels—any of these—might produce emo- 
tional disturbance directly, by affectmg the amount of oxygen 
in the blood or the amount of blood that is supplied to neural 
tissues. Emotional changes are m fact frequently associated 


persecution, the capacity for interpersonal relationship must be so weak that 
real suspicion can develop Assuming then mierpersonal relationships to be 
secure, I would say that deafness 1s accompanied by a feeling of perplexity 
and disorientation analogous to the fear of the dark or fear of solitude 
Such a disorientation in one’s social milieu need not necessarily mvalve 
paranoid disturbances any more than bemg m the dark would induce one 
to hear footsteps at his back In my opinion, the feelings of personal m- 
adequacies (1mpairment of the body image), umtability, and an exagger- 
ated response to stimuli, and the wish to leave the field or, £ held m the 
field, to ‘charge’ mto it, characterize the experience of deafness ” 

I should hke to draw attention also to Dr Ramsdell’s suggestion that the 
emotional condition might lead to more than one overt pattern of response 
This ıs relevant to the later discussion of the way m which different 
“emotions” might develop from the same primitive disturbance. 
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with all such conditions, and the one assumption that seems to 
provide a common gound for such vared sources of disturbance 
(including not only the metabolic changes m Class IIT but also 
the perceptual conflicts and perceptual deficits of Classes I and 
II) 1s the assumption that emotional disturbance 1s in the first 
place a disruption of the timing of neuronal activity in the cere- 
brum This also accounts directly for the mcoordimations of 
emotion Until some better guess 1s made, we must see what 
can be done with the assumption, and this imposes the burden 
of accounting for the integiated and coordinated aspects of 
emotional behavior (Leeper, 1948). 

Now this coordinated part of the behavior, m the unpleasant 
emotions, has one constant function It is always such as to 
tend to put an end to the orgmal stimulation (1m the pleasant 
emotions, of course, this tendency 1s 1eversed) Aggression, m 
rage, tends to change the uritatng behavior of anothe: animal— 
by cowmg, diiving off, o1 lullmg the annoyer. Flight, mn fea, 
tends to prevent or termmate noxious stumulation. Avoidance— 
turning the head away fiom an unpleasant sight, covermg the 
ears, holding the nose, or withdiawmg the hand, as well as ac- 
tually running away—tends to stop the stimulation that arouses 
either an urational fear of some meit object or the practically 
equivalent disgust Fawning may be a manifestation of fear as 
much as flight, and so may the desperate attack of a corneied 
animal and each is a possible way of putting an end to the 
emotion-arousmg behavior of another organism, 

Failure to respond, in shame, ıs a specal case, m which one’s 
own behavio1 1s the emotion-provoking stimulus, the effect of 
the emotional disturbance 1s negative, preventing the recui1ence 
of that behavior, but this 1s also m Ime with the present thesis, 
namely All these effects may be achieved because strong emo- 
tional distu bance tends to prevent the repetition of any line of 
thought that leads up to it, and to elummate the coiresponding 
behavior In some situations, a piimitive, undifferentiated dis- 
tmbance would develop mto fear, where withdrawal 1s the only 
thimg that ends the disturbance, m others, anger, when attack 1s 
the only effective behavior, in still otheis, ether fear o1 anger 
might 1esult, when either behavio. would be effective, and 
which 1esult happens would be deteammed by the animal’s past 
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experience as well as by his own inheuited peculiarities But m 
some situations, and for some subjects, no behavior might be 
discovered that would abolish the emotional disturbance, and the 
effect of learnmg m this case might be to reinforce the visceral 
disturbance and the mcooidinations of the skeletal musculatme, 
and—above all—the disoiganization of the phase sequence, which 
is a disorganization of thought 

Tlus ıs the pomt at which nemosis and psychosis enter the 
theoretical stitucture they aie (1) conditions of chromic emo- 
tonal distubance, 01 (2) ones m which emotional disturbance, 
m the past, has effected a lastmg modification of the thought 
process (see footnote, p 259) 

The first objection that might be made to such an appioach 1s 
this As the hypothesis has been presented so fan, st might sug- 
gest that aggiession, m ange1, appeais only by default—only be- 
cause othe: forms of behavio. have been eliminated—and to 
common sense this is not reasonable Aggression appears to 
have a much more intimate and necessary 1elation to the emo- 
tional disturbance of anger And so with avoidance, m fea 
My first answer 1s that this may be perfectly true, m the adult, 
even m the four-year-old But this pioves nothmg about the 
origin of the relationship Emotional disturbance and the ag- 
giession may seem inseparable to us foi exactly the same reason 
that nodding the head and Yes are mseparable—im this culture: 
because the two have been tied im togethe: by Jong practice and 
experience 

It ıs structive to observe just what happens in emotional 
learnmg, when we do have a chance to observe ıt Buidges 
(cited by Jones, 1933) has shown that children’s emotional pat- 
terns develop out of a primitive undifferentiated excitation This 
fact may not be crucial, for the change may depend on physical 
matuiation and not on a learnmg process But when chimpan- 
zees are exposed foi the fist time to certam emotion-provoking 
situations, the first effect agam appears not to be a specrfic pat- 
tein of adaptation but a generalized excitation When Alfalfa, 
one of the chimpanzees reared in darkness by Riesen (1947), 
was brought out mto the light she did not show any emotional 
disturbance at the sight of strangers, as I have already pomted 
out, the emotion 1equires a ceitam amount of visual expe1ience 
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before it occurs. When signs of the disturbance appeaied some 
time later, they seemed completely unspecific a raising of the 
geneial level of excitation, with signs of autonomic achon and 
undirected movements, I have 1emaiked elsewhere (Hebb, 
1946) on the lack of a consistent mode of 1esponse of some 
adult chimpanzees at the first exposure to a disguised pcison, 
weaimg a mask and acting m an aggressive manne. which they 
weie not used to encountermg m human beings, and also on the 
gradual emergence of a consistent mode of emotional iesponse, 
but different m fom for different animals 

The mplication of my hypothesis, then, 1s that adult mtro- 
spection cannot be an aigiment agaimst rts validity, smce the 
essential learnmg would be thoroughly established in early m- 
fancy 

Observe further the conditions in which the adaptive behavioi 
of adult emotion occurs Apart fiom the spimal reflexes aroused 
by noxious strmulation, a fully coordinated emotional 1esponse 
appeais always to be a 1esponse to premonito1y cues, not m 
themselves disiuptive, but associated with dis.uptive stimulation 
When the piimitively disruptive event occurs suddenly, without 
any warning, the response is never a smooth and economical 
cooperation of cffecto: organs but is likely to mvolve startle, 
tembling, sweating, vocalization, vascular change, and so on, 
and is then followed by a cooidmated response which differs 
accordmg to the subject’s perception of the total situation It 
the adaptive behavior of fear (that is, avoidance) 1s indeed a 
response to events that are not directly dis:uptive but p1emoni- 
tory cues associated with disruption, the behavior is by defim- 
tion a learned response It 1s then mtelligible why there 1s 
usually less emotional activity at maturity, As expellence m- 
creases, rage and fea would tend to disappear ım the familhar 
environment, for the utilization of premonitory cues, to avoid 
cisturbance that is foreseen but not yet m existence, would be- 
come more and more efficient The mtcgrative pait of emotional 
behavior and the dismtegiatrve are mveisely 1elated as one m- 
creases, the other decicases. 

The objection that we have just considered is that the con- 
nection between aggression and emotional disturbance, in rage, 
1s not an accidental one—established merely by association o1 
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by the elrmmation of alternative modes of reaction The objec- 
tion may be taken futher It cannot really be a matter of 
chance whether fear o1 anger will result, even m situations in 
which eithe: avoidance o attack would have the same effect 
of changmg a disiuptive strmulation. Chazacteuistically, some 
situations evoke 1age, others fear, and soon The objection car- 
ues weight, and must be considered I should say at once that 
I do not believe that ıt ıs sufficiently answeied by what follows, 
and there are, with 1easonable certamty, impoitant constitutional 
factors determmmg the mode of emotional response which I 
cannot deal with It 1s also possible that milder degrees of dıs- 
iuption mnately tend to lead to aggression, sthionge: ones to 
avoidance. 

In addition, however, factors of leainmg aie present that 
should not be overlooked One thmg that determmes whcthe1 
fear or angei will result when the phase sequence ıs disrupted 
may be the particular phase sequence itself, and the effect of 
eailier learnmg m similar situations, which determmes what 
alternative sequences are available to take ove: when the dis- 
rupted sequence leaves the ficld open Waith this m mid, ob- 
serve that anger 1s chazacteristically aroused by the behawnor of 
others (ie, by social strmulation) when the behavioi 1s not con- 
sistent with what one 1s proposmg to do, when one expects 1e- 
sistance in havmg the behavior changed, and finally when one 
thmks one may be able to change it 

It 1s a humuiliatng fact that one tends not to get angiy at 
pize-fighters, or at the criticism of the highei-up whose praise 
or approval is important Thuis 1s far from bemg absolutely tue, 
but it seems that anger 1s most easily aroused by opposition 
where one thinks one could prevail by force where the oppo- 
nent ought to sce that you can get youl own way, and give in 
gracefully. 

I beheve it 1s also tue that, the morc authoritarian the regime 
in which a child grows up, and the more fequent and severe 
the punishment he suffeis for disobedience, the less likely he is, 
as an adult, to get angry at higher authouity and the more likely 
to be angered by msubordimation If so, ıt means that anger 
does not occu mm situations whee disruptive stimulation has 
regularly broken up the phase sequence that determines aggres- 
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sion, that ıt does occur where aggressive behavior has not usually 
been disrupted before. (That such evidence should have to be 
resorted to—I know of none apait fiom such folklore—is the best 
indication of a lack of scientific knowledge, on a ve1y impoitant 
topic m psychology, which ıs due to the diffculty of exper 
mentmg wıth any but the mildest of human emotions ) 

Now a final objection to the hypothesis that leanmg 1s what 
mamly differentiates the vaizous emotions. Nothmg has been 
said so far to provide for the exceptional vigor that an emotional 
response 1s apt to have. Thuis I believe 1s the greatest defect m 
the hypothesis. Seveial things might be suggested to 1emedy 
1t One possibility is that when dison ganization occurs it leaves 
transmission units m the cerebrum ready to fie with any subse- 
quent activity These units would ordimarily be involved in the 
assembly action that 1s now prevented, they may then tend to 
be 1ecruted by whatever assemblies do act subsequently. in- 
creasing the strength of the facilitation delivered to moto: cen- 
ters but also tendmg to make the moto: response less precise 
(smee the recruitment of extra cells would tend to change the 
fiequency propeities of the individual assembly), This might 
also be applied to the pleasuable activity, discussed m the pie- 
ceding chapter, that depends on fist aiousmg apprehension, 
then dispellmg it It may offer some cue also to the nature of 
laughter, which may be most ellictently aroused, perhaps, when 
there ıs a combmation of phase sequences that pioduces a mmor 
disturbance of timmg immediately followed by a futher com- 
bination of assembles that have no conflict. There would still 
reman the fragments, so to speak, of assemblies that were dis- 
1upted, which tend to mduce some motor activity In some 
cases this may induce ange: or feai 01 embarrassment, if the dıs- 
1uption is extensive, but m other cases a cortically contiolled 
overactivation of the breathmg mechanisms may seive to pick 
up the fragments—which appeais as laughter Fust a mmor 
conflict, mcongruity o1 apprehension, then a new peiception of 
the situation that leaves no need of avoidance, nothmg to be 
changed m the behavior of othe: persons or in the total situa- 
tion, but still leaves a condition of excitation that must issue m 
one form of behavior or another 
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THE NATURE OF MENTAL ILLNESS 


Tt has alaeady been proposed that mental illness consists e1ther 
of a chronic disturbance of time relations m the cerebrum, or a 
lastmg distortion of the thought process fiom such a disturbance 
at an eailier time * This ıs a rathe: general proposition, and 
we must now consider the theoretical problems of mental illness 
in more detail. The general approach that has been proposed 
may have value only m helpmg to mamtam a pomt of view that 
is hard to mamtam, and yet essential The pomt of view 1s this 
neurosis or psychosis 1s a product neithe: of experience nor of 
constitution, but a jomt product of both 

Tradition, once more, 1s the villam of the piece In this field 
we are still dominated by the old dichotomy. 1s the illness mental 
or physical, functional or organic, and now, under new names, is 
it psychosomatic, or Just somatic? 

It may make sense to ask whether a breakdown 1s pimanily 
experiential, implymg that with an ordmary degree of stiain it 
would not have occurred, or pimay constitutional, mmplying 
that the mildest of strains would have caused the breakdown, 
that the patient’s ability to withstand stam was low But this 
cannot give us two kinds of mental illness, any more than, m a 
completely parallel situation, there are two kinds of tuberculosis 

If there are not two kmds of mental ness, we have no basis 
for dismissmg the mental illness that goes with pellagia 01 some 
glandula: dysfunction as not bemg a “tue” psychosis, no basis 
fo. thinking of a special category of chronic emotional disturb- 
ance, of which experience 1s the sole cause, and psychotherapy 
m some form the sole method of cure Logic and the whole 
clmiıcal hterature requne that we remember the 10le of the con- 


* This distmction 1s not further elaborated ım the text It is prmanly 
based on theoretical considerations, but it seems to agree with the fact that 
the neurotic or psychotic frequently appears to have found a way of think- 
mg and acting that obviates emotional disturbance The illness 1s perhaps 
either (1) a continued emotional disturbance, with anxiety or the hke, or 
(2) changes m thought (new phase sequences) that are not characteristic 
of the majority of the population but which avoid some conflict that makes 
for major disruption of assembly or phase sequence 
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stitution i any mental illness, yust as we must remembe: the role 
of experience It 1s hard to avoid gomg to extremes when this 
topic is discussed, it 1s vey hard to keep from thinkmg in terms 
of the old dichotomy, but I believe we must keep a middle way 
Until quite recently, the task of the psychologist and psychiatnst 
was to keep the medical wold trom thmkmg of mental dlness 
as always due to some lesion of the cential nervous system—a 
lesion that usually could not be found Now the pendulum has 
swung to the other exteme, and the medical world may be m 
some danger of overestimatmg the role of psychological causa- 
tion m both mental illness and illnesses that used to be called 
physical The task 1s still to find a middle way 

I believe there ıs no longe a danger that psychological factors 
m illness will not be recognized there 1s hardly a popular journal 
m the westein hemisphere that does not publish articles explam- 
ing how illness may be due to wo1ly o1 to a desire to get out of 
some soit of tlouble In medical practice ıt may happen that 
failue to make a definite diagnosis can automatically determme 
that the patient 1s psychoneurotic Ths tendency has been pro- 
tested against by physicians concerned with the welfare of the 
patient (Bowman, 1946, Wilson and Rupp, 1947) But ıt also 
1eplesents a mode of thmking by the psychologist or psychiatrist 
himself that may hinde: the development of theory. It 1s as 
much mcumbent on the psychologist to demonstrate the lmits 
of psychological influence in illness as to demonstiate its extent, 
as matters stand today, the fist need for research ın the field 
may be to ask what we do not know about psychological m- 
fluence. 

Psychology’s igno.ance about a number of these matteis 1s 
bad, but 1t 1s worse when we substitute dogmatism fo1 scientific 
knowledge We shill need an Ajax to stand up and defy the 
lightnmg and ask, What 1s the evidence? when some authouity 
informs the public that beleving ın Santa Claus ıs bad for chil- 
cien, that comie books lead to psychological degeneracy, that 
asthma ıs due to a hidden mental illness, or that a child's bed- 
wetting must be treated by psychoanalysis, and psychoanalysis 
alone, mstead of the simple and effective method of condition- 
mg desciibed by Mowre: and Mower (1938) 

Let me then piesent four piopositions for serous considera- 


Mental Illness and Constitution 261 


tion, even though they may sound 11diculous (1) that there ıs 
no separate class of mental illness caused by psychological fac- 
tois alone—by what was seen and heaid mm childhood, (2) that 
we know little about “mental hygiene” o1 how to achieve it, (3) 
that it has not been shown that woiry or the hke can by itself 
cause any bodily condition such as asthma or stomach ulcers, 
though it aggiavates such conditions, and (4) that it has not 
been shown that any specialized psychotherapy, such as psycho- 
analysis, has any special value m mental illness. The fist of 
these I thmk is logically mescapable, propositions 2, 3, and 4 
may not be as absuid as they appea1 What I am talking about 
1s proof, one may know that psychoanalysis 1s of value and yet 
not have the evidence m a form that would establish this as a 
scientific fact. Obviously, m a scientific argument one must 
accept the scientific canons, and puttmg the evidence mm logical 
shape should ultimately lead to improved medical procedures as 
well as more precise theory 

If we are to mmprove therapy, or 1f prophylaxis 1s to be pos- 
sible at all, we must improve theory fist and know more exactly 
what leads to what As long as such questions as those 1aised 
above ale answered on @ port opmion alone, theory will get 
nowhere, for the experiments necessary to it will not be done 
Evidently the current development of psychological ideas m 
medicine has a profound necessity behind tt let us see what 
kind of sold factual eudence we need in order to keep this 
development on the rails and to extend tts influence, not only m 
the clinical but also in the social and educational fields. 


MENTAL ILLNESS AS A FUNCTION OF THE 
CONSTITUTION 


The first question raised was whether there ıs any class of 
mental illness that 1s due to experience alone My pomt of view 
here has aheady been stated that such a class does not exist, 
since any behavio1al condition must be a function both of expe- 
rience and of the constitution that does the experiencmg. We 
may take ıt, however, that the 1elatıve ımportance of experience 
and constitution may vary m mental illness At one extieme, it 
might be assumed that there 1s no human constitution that will 
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not bieak down when emotional disturbance is sufficiently severe 
and prolonged (Swank and Marchand, 1946), at the other, that 
metabolic changes alone may produce emotional disturbance 
that will persist as long as metabolic factors 1emam variable and 
unstable. But the theory that has been developed indicates that 
the essential natme of the 1esultmg condition may be the same 
m both cases, There have been an mcieasing numbei of repaits 
m the literature showmg that tamed diagnosticians have not 
been able to distmguish mental illness precypitated by a physio- 
logical disturbance from the mental illness for which no such 
cause can be discovered, and reports as well showmg that the 
characteristic “functional” disturbance is accompanied, to a more 
than chance extent, by constitutional deviations. 

Typical neurotic or psychotic disorder may be found in biucel- 
losis (Hans, 1944), in pancreatic disorder (Romano and Coon, 
1942); m adrenal disorder (Allen and Biostex, 1945, Gieene, 
Pateison, and Pile, 1945), in pexmcious anemia (Bowman, 1935, 
Ferraro, Anieti, and English, 1945), m rheumatic braim disease, 
followmg 1heumatic fever (Bruetsch, 1947), m hypochloiemia 
(Saphn, 1945), in vitamm-B deficiencies (Williams, Mason, and 
Smith, 1939, cited by Jolliffe; Jolliffe, 1942, Matthews, 1988, 
Egaña et al, 1942; Spies, Aung, Gelperm, and Bean, 1938), 
Certam types of neu1osis are associated to a more than chance 
degiee with inherited vascular abnoimality (Hauptmann, 1946, 
Cobb, Cohen, and Badal, 1946). Dewan and Owen (1945) have 
reported twelve fiom a much larger number of cases of schizo- 
phena, manie state, depression, psychoneuiosis, and so on, 
which were so repiesentatıve of the usual picture of mental Jl- 
ness that no physiological or pathological source was even sus- 
pected; but the causes eventually were found to melude bram 
tumor, diabetes, uremia, and so on m all cases, a major cause 
m the “organic” class 

It may be impossible to distmguish neurosis followmg head 
injury from other neuiosis (Gillespie, 1944) It ıs common, as 
soon as some such “organic” cause is found, to reclassify the ill- 
ness, but such repoits as those cited make 1t impossible to con- 
side: that there 1s any real psychological discontmuity between 
organic and functional ils, as these terms a1e commonly used 
This first point 1s made both on logical giounds and on the basis 
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of the actual clmical facts. It 1s further remforced by the fac- 
tual evidence and discussion of Cobb (1944), Hoagland (1947), 
Landis (1947), and Bellak and Willson (1947) 

Secondly, these considerations make it possible that a con- 
tnbutmg organic cause will be found for all those cases that are 
now called purely functional The history of psychiatric knowl- 
edge shows one syndrome afte: another bemg removed from the 
functional class, as pathological and physiological knowledge has 
meieased There are still gaps m our knowledge of the complex 
chain of events m the nutrition of the neural cell, and it 1s still 
possible that all well-defined cases of mental disorder will even- 
tually be found to depend, to a major extent, on a predisposing 
constitutional condihon—heredita1y or acquired 

Consider for example Kallman’s woik, the maim results of 
which have been summanized by Garson (1947). Among other 
statistics are the followmg. among the ielatives of patients with 
schizophienia, the meidence of schizophienia for biothers and 
sisters 1s 14 3 per cent, for fraternal twms, with the same consti- 
tutional sumilatity as any brother or sister, 147 per cent, for iden- 
tical twins, 85 8 per cent. Fo stepbiothers and sisters, glowing 
up ın the same home, the figure is 18 pa cent There ıs no 
apparent way in which these data can be reconciled with the 
idea that mental illness is unielated to heredity, that it 1s due 
alone to the way a child 1s brought up One can argue that two 
childien of different ages have different environments though 
they are brought up m the same home An oldest child cer- 
tainly has a different social environment from that of a youngest 
child, and of course any one child m a family may have some 
bad experience that another does not This mght explam why 
an ordimaiy sibling of the schizopenic (born at a separate 
time) 1s less likely to have schizopnema than a twin. But—this 
difference, predicted by the environmentalist hypothesis, 1s not 
observed siblings and fraternal twms have the same frequency, 
exactly as would be expected on the genetic hypothesis And 
there seems to be no way at all of accounting for the difference 
between the figures of 14 per cent for fraternal twims, and 85 per 
cent for identical twms As we shall see m the followmg chapter, 
the data from twin studies have not shown a geat deal about 
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“experunental neuiosis” I have suggested (Hebb, 1947) that 
we should be cautious m identitymg this with a full-fledged 
neurosis in man, since the experimental neulosis 1s apparently 
specific to the sttuation m which it was estabhshed, But thee 
can be no doubt that this work 1s very mmpoitant for the under- 
standmg of clmical newosis, showmg how anxiety (at the least) 
can be estabhshed ın a way that would not otherwise have been 
suspected, smece no actual mjuy or tmeat may be mvolved 
Anxiety 1s onc source of mental illness, and Pavlov showed that 
this chionic emotional disturbance can be created ın some dogs 
much more readily than m otheis appaiently, a constitutional 
difference between dogs (Gantt, 1988) But here, again, there 
1s cooperation between constitution and experience, foi ıt takes 
a very special experience mdeed to produce the emotional break- 
down mm most animals, even when they are definitely susceptible 
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The second pomt of our present ignorance about mental Hl- 
ness 1s the way im which early experience may be related to a 
disorder at matuity The mental-hygiene conception was estab- 
lished some yeais ago, when it was possible to thmk of mental 
illness as simply a set of bad emotional habits. It seemed then 
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that ıf one could avoid such habits m childhood one could be 
sure of mental health at maturity, whatever the constitution one 
may have mherited, 

Now this may still be partly true, the unfortunate fact, how- 
ever, 18 that we do not have any good basis for bemg swe how 
childien should be brought up, m oider to mmimue then 
chances of getting into a state hospital. The necessary experi- 
ments have not been done What may be necessary to decide 
the question 1s to bimg up some childien in one way, some in 
others, and see what leads to what One cannot assert that too 
much coddling produces mental illness at matuity, or that too 
little does Fou all we know, a lot of spanking, 01 unsympathetic 
paients, may only help to piepaie the child for the tnals of 
maturity It cannot be assumed that what produces emotional 
disturbance m the mfant is bad—no: that it 1s good the long- 
tem effects may be the same as the shoit-te1m, unrelated, or 
opposed One must make some decision when a practical prob- 
lem has to be dealt with, and m these cucumstances the only 
thing to do is make the best guess one can, but opmions should 
be presented as opimion, and not as scientifically established 
fact 

In such matters, our 1gnoiance 1s vutually complete and vitally 
m need of bemg replaced by definite knowledge We do not 
know whether sexy comic books at the age of ten have any dele- 
te1ious effect at twenty, we do nof know that play with toy 
guns and soldiers makes a war-loving nation, we do not know 
that juvenile delinquency, associated with broken homes, 1s due 
to the home environment and not just as much to the mhet- 
ance of the same emotional mstability that broke up the home 

It has sometimes seemed that answers to such questions might 
be found by anthopological study, when different primitive 
peoples teat thew childien differently, what are the effects at 
maturity? In one tube, fo. example, the childien are treated 
generously and the adults are found to be easy-going and 
fuendly, m anothe1, child traming is harsh, and the adults are 
found to be full of hostilities But, as Klmeberg (1940, p 484) 
has pomted out, one cannot single out cause and effect here, 
any more than m the case of the bioken home. Heredity, m 
the two tribes, may differ significantly, producing different adult 
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personalities, or some other vaiiable such as the history of the 
tribe may be the source of the diflerences—and the 1epoited facts 
may mean only that emotionally stable people treat thew chil- 
dren well,* 

The mental-hygiene program first needs research, then moe 
research, so that we can find out how to 1ea1 children to make 
them as healthy as possible, emotionally, at matuuty. It 1s ım- 
portant to apply what knowledge we have now as best we can, 
it is equally umpoitant to remembe: how mcomplete the knowl- 
edge 1s We are not now m a position to do more than apply 
the conceptions of one or othe: theory of mental ilness, that 
becomes msufficient as soon as one tests ıt by facts I have 
already cited the cases of Alpha and Kambi, chimpanzees of the 
Yerkes colony, to show that, 1f early experience 1s a mam cause 
of mental illness at maturity, we have no real mtoimation as to 
how ıt works, The theory that has been piesented here 1s much 
too vague, or general, to provide any useful guide m the prac- 
teal problems of child education, it may be useful, however, if 
it leads to more of the obviously necessary 1eseaich. 


PSYCHOSOMATICS AND PSYCHOTHERAPY 


The third and fourth pomts of ignorance that have been listed 
can be consideied togethe: the questions are whether worry o1 
the like can produce bodily lesions, and whether psychotherapy 
can cure mental mess Though the questions may sound ndicu- 
lous, I thmk ıt may be ot some value to consıdeı them seriously 
and ask oneself just what factual evidence one could cite to jus- 
tify one’s answers. 

Just where can one look for the specific evidence on which to 
base the psychosomatic thesis? Clearly, ıt 1s not enough to show 
that neurotic distubance and pathological changes m the body 
go together,t or even that when the first clears up the second 


* Ie, reverse the slatements above “In one tribe the adults are easy- 
gong, and so cluldren are treated well, m anothe: the adults are aggres- 
sive, and children are treated harshly’—as one might expect 

¢ Obviously, 11 15 also not enough to show that emotion 1s accompamed 
by transient somatic changes in normal or psychopathic persons The very 
impoitant studies of Wolff (1943) and Wolf and Wolft (1946), for example, 
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does also—unless the recovery is due to psychotherapy. If some 
metabolic disorder contributed to the neurosis, it may have de- 
termined the pathological changes also Then mental and phys- 
ical difficulties would appear togethei, and disappear together 
If one could show that asthma, or stomach ulcers, or skin lesions 
could be cued by talking to the patient—that 1s, by psycho- 
therapy—then we would have the desired proof But, as we 
shall see shortly, there are great difficulties ın the way of show- 
mg that psychotherapy is effective (chiefly, the difficulty of 
showing that ıt produces more cures than are accounted for by 
spontaneous 1emission) Despite its general acceptance, mn 
which I concu, the hypothesis that psychological factors affect 
the recovery of the body fiom any physical illness has not been 
established scientifically It may appear to the reader that it 1s 
not necessary to do so, but there must be much that should be 
found out about the psychological mfluence—in what conditions 
rt operates best, what its limits aie, and so on, and these thmgs 
will neve: be discovered until we start exammmg oui assump- 
tions, and start the slow, ploddmg process of building up a solid 
body of facts, separate from opmion, upon which the theory of 
treatment can be firmly established. 

Not all cases m which a “psychosomatic” relationship ıs seen 
are ones in which the o1igimal touble was emotional The tol- 
lowmg case of early asthma offered an exceptional opportunity 
for separatmg cause and effect. It 1s 1are that one can have an 
effective control of asthma, and banish it or not, at will—but 
when this 1s possible, new light ıs cast on the disease, 

A child of twenty-one months developed acute, severe attacks 
of asthma after having had a head cold some months earhe: and 
a peisistent nasal mfection The attacks became less frequent 
several months later, durmg the summei, but recurred with in- 
cleasing seveiity and frequency as winter set in Eventually 1t 
do not show that chronie gastric and cardiac lesions 1esult from emotional 
disturbance alone, without contribution from a preceding physiological dis- 
order, although, if 1t 1s assumed that “normal” emotion has such effects, 
these studies help to show us how the lesions are estabhshed It should be 
clear that what is discussed in the text is the question of scientific proof, 
not of reasonable behef Belief in the psychosomatic thesis is reasonable, 


perhaps mmevitable, but the very importance and value of that thesis require 
that its foundations be mspected and tested rigorously—and penodically 
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appeared that a iunning nose pieccded each attack, and it oc- 
curred to the physician in charge that a nasal fection might be 
the source of the allergen. He found a heavy chronic bacilary 
mfection, and recommended chemotherapy The results were 
diamatic. The asthma disappeared completely, and a 1emaik- 
able change took place m the child’s behavior Durmg an attack, 
the child had been almost completely mcapacitated, but between 
attacks, there had been no difficulty m bieathmg and the child 
appeared quite no1mal—except that she was always emotionally 
unstable, easily giving way to tears and beimg rather hard to deal 
with Actually, this behavior had developed so gradually dur- 
mg the penod of illness, and was so constant, that the parents 
had not realized that thcre was any connection between the 
emotional picture and the mte:mittent asthma Now the patent 
became a different child 

Two futher observations mace the mteipietation of these 
facts even clearer. It was expected that the allergie sensitivity 
would giadually disappear as the child grew olde1, so on two 
subsequent occasions when a nasal mfection began the treatment 
was omitted at first, m the hope that asthma would not develop 
On each occasion the same sequence of events was observed 
The first symptom of disturbance was circulatory—the child's 
hands and feet became very cold. This was followed by the 
same emotional disturbance that had been chronic eailier, at 
least a day before the fist symptoms of difficulty ım breathing, 
and finally, a definite asthma appeared This and the emotional 
changes were then piomptly (in six to twelve hours) banished 
by chemotherapy Such a sequence of events can only mean 
that the alleigen affected the vascular system first—the cold 
hands and feet were not due to lung congestion and decrease of 
oxygen in the blood steam On one of the two occasions on 
which treatment was withheld, moreover, a placebo was used 
This served as a control of the effects of suggestion, showmg 
that it was m fact the action of the diug which, when it was 
actually used, produced the recovery fiom asthma and the dis- 
appearance of whimmg, crymg, and the need of contmual atten- 
tion. Only one conclusion seems possible: that the allergen 
acted more or less directly on the vasculature, includmg the 
cerebral vasculature, or on the central nervous system, thus caus- 
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ing both emotional and physical symptoms O:dmarily, with 
multitudinous sensitivities and no possibility of such cleancut 
“experimental” manipulation of allergens, cause and effect can- 
not be separated, The case desciibed might have been a typical 
psychosomatic picture: first emotional disturbance 1s evident, 
then physical symptoms follow So the first must cause the 
second But in this case such an interpretation 1s not possible 

Because asthma and emotional disturbances go together, o1 
even because an emotional disturbance can precipitate an attack 
of asthma, ıt does not follow erther that emotion caused the 
ouginal difficulty, o1 that psychotherapy can do more than alle- 
viate an illness that may have quite a different basis It 1s still 
possible that some cases of asthma, or some other bodily illness, 
are psychogenic and can be cured by psychotherapy, but evr 
dence of this has not yet been provided in a form m which it 
can be evaluated. Future 1eseaich may well show that the 
causal relationships m the case I have described are the excep- 
ton and not the rule (ie, may show that allergies are usually 
psychogenic) But this 1esearch has not yet been done 

It is unphed thoughout this discussion that, 1f psychotherapy 
can be shown to be an effective treatment of asthma or mental 
illness, the argument above would be ieversed It seems gen- 
erally beleved that the validity of psychoanalytic theory, for 
example, 1s well established by the fact that ıt has led to cumg 
mental illnesses that would not otherwise have been cured 

If one looks fo. the evidence, however, one cannot find it 
There 1s no meaning m the fact that a particular patient was 
psychoanalyzed, and recovered We do not know that he would 
not have recovered without the treatment 

The pomt is clear when 1t 1s recalled how difficult ıt was to 
show that the msulm-shock method had any value Psychiatrists 
and physicians m general wee skeptical Why? Because some 
not-very-exactly-determimed proportion of psychotic patients re- 
cover without treatment—perhaps 30, 35, 01 40 per cent. The 
figure varies widely from one seres of patients to another, and 
it took five to ten yeais of work, by a large number of mvesti- 
gatois, to finally establish the fact that msulm therapy signifi- 
cantly imcreases the proportion of patients that recover from 
schizophrenia. A few patients recovering after lobotomy would 
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mean nothing, Freeman and Watts’ (1942) t2umph was in bemg 
able to report not only 63 per cent good results m a long series 
of chronic cases of mental illness, but much higher percentages 
with ceitain types of case. These figures had an immediate 
meaning, smce the 1eseaich on shock treatments had already 
made known what the spontaneous 1ecovely rate would be, 
roughly, m such cases No such data, so far as I can discover, 
have ever been provided as a test of any form of psychotherapy— 
that is, the fiequency of recovery m an adequately chosen, un- 
treated control group ıs not available to compare with the fie- 
quency after psychotherapy 1s apphed. The one exception to 
this statement is the paper by Denke: (1946), and his conclu- 
sions do not show any special value m formal psychotherapy 

Denkers paper ıs based on admittedly unsatisfactory data, and 
obviously ıs not a final answer to the question 1t has raised, yet 
it stands as a very important papel, simply because it is the only 
one, apparently, that has attempted an essential task 

The data reported by Denker me the 1ates of 1ecovery m a 
series of 500 patients with severe mcapacıtatmg neurotic dis- 
order, treated by general practitioners throughout the United 
States These patients were all recerving disability payments 
fiom an msurance company—a fact that might delay 1ecovery, at 
least as compared with the recovery of patients who weie pay- 
mg for treatment. At the end of five yeais, the 1ecovery 1ate 
was 90 per cent Denker also reviewed the reported recovery 
rates under more specialized teatment The average rate of 
recovery unde: psychoanalysis 1s roughly 62 per cent, under psy- 
chiatiic teatment (which may have mcluded psychoanalysis), 
roughly 70 per cent. These rates are markedly lower than that 
obtained by the general practitioner However, if we assume 
that the results by specialized treatment are for a shoitei period, 
perhaps two years, we find that the general practitioner’s results 
are about the same, 72 per cent The conclusion 1s that iest, 
sedation when necessary, 1eassmance, and timme are what pio- 
duce 1ecove1y from newmotie dısorder—when recovery occurs. 

Obviously, this conclusion is not fnal We do not know that 
the patients treated by psychoanalyst, psychiatzist, and general 
practitioner, in Denker’s analysis, were really comparable (how- 
eve1, the one 1espect m which it 1s certam that they weie not 
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compaiable—the economic factor—is such as to shengthen Den- 
ker’s argument) Denker’s conclusions may be quite wrong, but 
the 1eal pomt ıs that his are the only data * we have by which 
to evaluate psychotherapy. 

Such a result cues for research, 1f nothing else has induced the 
psychoanalyst to give us some contol data, some evidence for 
the validity of his theory and treatment of mental illness, this 
should do so In the meantime, theie 1s no body of fact to show 
that psychotherapy is valuable, there are no data to prove that 
psychotherapy can cure lesions of the gastromtestmal tract, der- 
matitis, and so on, and none to prove that there 1s a class of 
“functional” mental illness that ıs produced by emotional dıs- 
turbance alone and susceptible of cme only by talking to the 
patient o allowmg the patient to talk I think any psychologist 
(or physician) must believe that psychotherapy is important, as 
an adjunct of other treatment, and even by itself, but of we are 
to increase tts efficiency, we must learn more about it, and the 
first thing to establish 1s the definite fact that ıt works at all 


SHOCK TREATMENT AND LOBOTOMY 


The final concein of this chapter 1s a rationale for the shock 
and surgical treatments that revolutionized the field of psy- 
chiatry 

Lobotomy, a surgical operation that seve1s most of the con- 
nections between the frontal pole and the rest of the bram, and 


* An earlier discussion by Landis, however, based m part on the same 
data, has clearly led to the same conclusion and must be regarded as rem- 
foremg Denker’s conclusions (C Landis, A statistical evaluation of psy- 
chotherapeutic methods, in L E Hinsie, Concepts and problems of psycho- 
therapy, New York Columbia Univ Press, 1937, pp 155-169) Landis 
first determmed the reported rate of recovery from psychoneurosis, apart 
from specialized methods of treatment, as varymg atound a central figure 
of about 68 per cent Spealung of another such figure (for all mental ill- 
nesses), he went on to say that, although the figures given were not stnctly 
speaking those for spontaneous remission, “still any therapeutic method must 
show an appreciably greater size than this to be senously considered ” 
Finally, he reported a figure of 58 per cent for psychoanalytic treatment of 
the neuroses The mference, not made explicit by Landis, is the same as 
Denker’s 


972 Emotional Disturbances 


electroshock treatment, m which an electric cunent passed 
through the skull mduces a buef convulsion, both appear to 
work best with patients suffering from emotional depression, and 
both frequently have the effect of banıshing the depıcssıon In 
tymg to understand how a cwe 1s effected, the first question 
might be, What do such different procedures have m common? 

The surgical teatment (Fieeman and Watts, 1942, 1946) 
severs a large number of connectmg fibers m the biam and 
leads to retrogiade degeneration of a particular nucleus in the 
thalamus (the nucleus medialis dorsalis). A number of myesti- 
gators have expressed the opinion that ıt 1s the loss of this tissue 
that decreases the strength of the patient’s emotion and allows 
him to recover But no such gross destiuction of tissue results 
fiom the passage of the electric current through the head. Is 
there any othe: effect of the surgery that might produce emo- 
tional changes? 

A suggestion comes from the study of frontal lobe removals. 
A compatatively common operation, piefiontal lobectomy, 1s 
usually done so that it severs the same connections that are 
severed in lobotomy—but severs all othe: connections of the 
same area, and actually 1emoves the tissue. In these operations, 
consequently, the medial dorsal nucleus of the thalamus must 
degenerate But the kmd of emotional pictme drawn by Fiee- 
man and Watts (1942), as 1epiesentmg the iesults of frontal 
lobotomy, ıs sometimes definitely not present (Nichols and Hunt, 
1940, Mixter, Tillotson, and Wies, 1941, Hebb and Penfield, 1940), 
On the basis of thus fact 1t was suggested (Hebb, 1945b) that 
the effect of lobotomy might be due not to a simple loss of some 
function resident im the frontal lobes but to a physiological dis- 
turbance set up m that area by an operation that cannot help 
but be scar-producemg This would account for the fact, also, 
that the recovery from depression, m lobotomy, 1s reveisible— 
although the degeneiation of the thalamo-trontal connections 
and of the medial dorsal nucleus 1s not reversible 

A physiological disturbance m the cerebrum 1s usually de- 
tected in the electoencephalogiam, or EEG, by the presence 
of large potentials (hypersynchiony) My proposal, therefore, 
amounted to this that im those patients that recover from de- 
pression followmg lobotomy the EEG will show a hypeisyn- 
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chrony, and that if relapse occurs the hypersynchiony will have 
disappeared o1 decreased Cohn (1945) has 1eported peisistent 
disturbances m the EEG “m most subjects” of Freeman and 
Watts’ series, and delta waves m ten out of fifteen m one group 
of patients exammed four to six yeais after operation This 1s 
almost exactly the reported frequency (63 per cent) of chromic 
recovery fiom depression Unfortunately, I have not been able 
to discover whether those with “bad? EEGs were ones with 
good clinical results (ze, lasting iecovery), as my hypothesis 
would predict. 

Howeve1, a duect confirmation of the hypothesis, up to a cer- 
tain point, has been provided by Hoagland, Malamud, Kaufman, 
and Pmeus (1946) They report a lowered mcidence of fast 
waves (14 per second o1 faster) m patients showing remission 
fiom depression followimg electroshock teatment, and the return 
of fast waves at the time of relapse. This is duectly m the line 
with the hypothesis, although ıt may be a stram on the term 
“hypeisynchrony” to say that ıt may appear m a statıstıcal de- 
crease of fast waves, the change is actually in the same direction 
as { delta waves had been observed. 

If the hypothesis should be finthe: confiımed, the effects of 
electroshock and lobotomy both could be understood on the fol- 
lowmg basis It has been proposed he:e that emotional disturb- 
ance consists of a disorgamzed firmg of cerebral neurons The 
establishment of hypersynchiony, due to any cause, would pio- 
vide a pacemaker, as 1t were, that would tend to pick up any 
newons that are not corporated in assembly activities and so 
substitute the “mtimsie” organization of cortical activity fo the 
diffuse organization of the noimal adult waking state The 
presence of the hypersynchrony would tend to mterfere with the 
assembly and to lower mtellectual competence at the same time 
that it decieases emotional disturbance. Further, this would ac- 
count for the lowered pam sensitivity, and the value of lobotomy 
in cases of mtiactable pain (Watts and Fieeman, 1946) It will 
be recalled that pain was treated (in Chapter 8) as the equiva- 
lent of a local emotional disturbance, m the somesthetic system, 
and so can be regarded as beng affected in the same way by 
a focus of hypersynchrony. 
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| l . Lhe Growth and Decline 
of Intelligence 


This discussion began originally, m Chapter 1, with the puzzle 
of the ngh mtelligence-test scores that are sometimes found 
afte1 a surgeon has destroyed a laige part of the human biam 
A tentative explanation was suggested, that these scores are due 
to a conceptual development which bram damage does not 
easily reverse The chapters that followed have tried to make 
this mtelligible physiologically (besides showmg what the m- 
plications are for other problems) “Conceptual development,” 
“msight,” “thought,” and so on, have been given a physiological 
meaning, and a possible basis has been provided for seemg how 
capacities could be retamed, once developed, despite biam m- 
jury which if it had occurred in mfancy would have prevented 
the development This chapter returns to the original problem 
of the effects of brain operations on mtelligence It presents 
an interpretation which fundamentally concerns the nature of 
itelligence, its normal development, and its later dechne with 
old age 

This chapter will be concerned also with certam problems of 
method Clinical research on mtelligence has difficulties as a 
blackbeny-bush has thorns, and yet 1s an umportant souce of in- 
formation for the psychologist, and can be expected to become 
more important If the difficulties are to be surmounted, we 
must know what they are. These matters of method will be 
taken up first. 


IDENTIFYING INTELLECTUAL DETERIORATION 


We feel, most of us, that we can make a reasonably good esti- 


mate of another’s intellectual ability by conversation with hm; 
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and we aie apt to feel, too, that we have m general a fanly 
good idea of what sort of problem can be solved by the healthy, 
“average,” “noimal” people in ow own communities Both con- 
vichons are frequently misleading The fist pomt on method 
1s that the detection of mtellectual defect, followmg bram m- 
jury, requires the test procedme and (in some foim or other) 
the use of a contiol group 

Ordmanily, the person who 1s clea: m conversation, quick to 
undeistand what 1s said to him, and coherent 1m his reply, is 
“mtelligent”: that is, conversational ability 1s conelated with 
other abilities, and 1s not a bad basis of prediction But these 
correlations sometimes break down with pathological changes m 
the biam, and then the prediction may be false. Also, one ıs 
apt to judge capacity by the patient’s alertness and manner, 
apart fiom what he says. The physician 1s familia: with de- 
terio1ation m the fom of unresponsiveness, apathy, slowness, or 
meonstancy of puipose. Accordingly, when such signs are 
absent the physician may feel cetam that mtellhgence is not 
impaned 

It ıs reasonably sue that this has been a major source of the 
cisagieement about intellectual imparment in aphasia Because 
the aphasic always tries to respond, 1s fully attentive, and gives 
the umpression of bemg quite clear mentally, rt 1s easy to con- 
clude that he has lost nothmg but the power of verbal recogni- 
tion and expression There are cases on 1eco1d m which st has 
been “proved” that aphasia does not affect mtelligence, on the 
ground that the patient nodded and smiled when the physician 
gieeted him, that he knew whethei it was mornmg or afte1noon, 
or that he was able to let an attendant know when he needed 
the bedpan 

Tests, on the other hand, show that the aphasic usually can- 
not fit blocks together to make a simple pattern, that he does not 
recognize absurdities m pictues, cannot make a simple diaw- 
ing—even though he clearly knows what he ıs to do In such 
performances the aphasıc ıs almost certam to be at a much lower 
level than a normal mdhividual of the same backgiound and 
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onginal abihty (Weisenburg and McBride, 1985, Hebb, 1942a), 
The aphasic patient 1s apt to have touble m findmg his way 
about, even m a familar region, and to have touble m mampu- 
latmg sımple mechanıcal contrvances There ıs no sense m 
aiguimg over termmology, and each writer can define that 
equivocal term “intelligence” to suit himself (though one might 
expect some consistency m its subsequent use), but because the 
aphasic 1s alert, and persistent m trymg to discover what 2 and 
2 add up to, or to discover what 1s missing in a picture of a dog 
with three legs, it does not follow that he has lost only the 
capacity for communication. There 1s also a change in what 
would usually be called intelligence 

To detect dete1ioation, one cannot depend on impression 
alone but must also use test methods, and this requires a normal 
control group. It ıs most dangerous to assume knowledge of 
what the “average” peison knows and can do Let me give 
some examples, based on data obtamed ın the standardization of 
some adult tests (Hebb, 1942b, Hebb and Morton, 1948) Some- 
where in the neighborhood of half the adult English-speaking 
population cannot complete the analogy foot 1s to ankle as hand 
is to what? o1 under over—down '? (though almost everyone 
can do dog bark—cat'?) About half the adult population 
think that priccless means “of no value”, neaily the same number 
aie unaware that brunette refers to a duk complexion, and many 
chmk ıt a synonym for “blonde”—meanmg, any hvely young 
woman Figure 19 shows some simple problems—appaiently 
simple—that cannot be solved by some fraction, between 10 and 
25 per cent, of the adult population (Hebb, 1945b) 

The subjects in these tests were able to earn a livmg and con- 
duct their own aflaus with ordmary prudence, and would not 
be classed as anythmg but normal in the clinic. If such a person 
happened to have a bram injury, and the exammer did not know 
what othe: persons of the same class would do with such tests, 
he would be bound to conclude that the bram myury was the 
reason for the subject’s mcompetence No matter how simple 
one’s tests may seem to be, the bram-myured patient’s perfoim- 
ance must be mterpreted m the hight of the scores of a noimal 
control gioup The professional man’s idea of the average mtel- 
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ligence 1s colored by his preoccupation with the abstract and 
academic, and by the fact that his mtimacy 1s mainly with others 
in the professional community whose pieoccupations, interests, 
and abilities are of the same kind as his own. 

How 1s a normal control group to be chosen? Despite some 
recent discussion making this an esoteric question, almost impos- 
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FieurE 19 Problems from a performance test (top Ime) and attempted 
solutions (bottom lme} by a person not in any way classed as feeblemmded, 
A pattein m cardboard was placed before the subject, and left thee while 
he tried to duplicate it, using two or moie identical wooden triangles 
Each of the hatched diagrams shows a subject’s placing of the blocks m an 
attempt to duplicate the pattern smmediately above (by BG, female, 30 
years of age, a “normal control subject” convalescent after appendicits} 
A fairly large proportion of the adult population will make such errors, and 
have difficulty m seeing how to change the placing of the blocks when told 
that the solution 1s not conect 


stble to understand, the desiderata are comparatively simple. 
There might be no need of a control group if one could compare 
the patient’s scores after biam operation with his scores before 
anything was wiong with hus bram, all one can get, however, 1s 
a pre- and post-operative comparison, which must be a different 
matter The condition for which he is bemg operated on must 
itself affect his scores, and m fact the operation quite often 
causes a rise mm score The purpose of the contiol gioup, then, is 
to let us know as far as possible what the biain-opeiated patient 
would have done if his bam had remamed healthy and undam- 
aged. This tells us what to look for m a control group The 
object ıs to find persons who aie lke the patients being studied 
m every way that, as far as one knows, affects mntellgence-test 


Identifying Deterioration 279 


scores, except in the one 1espect, that the noimal control subjects 
have undamaged bians 

Now test scores are elated to education, social background, 
and occupation—a concatenation that can be summarızed as the 
factor of sophistication Scores are also affected by age, rising 
to a peak in the teens and declinmg (for almost all tests) after 
the twenties These aie the correlates of intelligence m normal 
persons, as far as they are known at present, if they are con- 
trolled, one can estymate, by comparing clinical and control 
groups, the degree and kmd of impairment that iesults from 
brain damage, but if they are not controlled this 1s not possible 
It ıs not possible to show that bram damage affects intelligence, 
by the use of a control group that is made up of hospital em- 
ployees, o1 college students, 01 cle1ical workers, when the clm- 
real group includes truckdriveis, farmeis, and unskilled laborers— 
persons who are apt to have been long away fiom cleical work, 
with a lower average level of education. It 1s not possible to com- 
pare a man who went to high school ten years ago with a stu- 
dent now m high school _ If the clinical subjects are older adults, 
o1 less sophisticated, they are bound to have lower scores than 
the normal subjects, 

These consideiations are what should determme the nature of 
the normal control group. One must then go farther, and use 
clinical contiols, xf one wishes to know not only that a certam 
kind of myury produces mtellectual defects but also whether it 
produces more defect than some other kind of mjury If one 
wanted to show that frontal-lobe damage 1s more serious than 
damage elsewhere im the biam, one would use two groups, a 
frontal-lobe group and a parietal, tempoual, occipital group But 
note ths everything that was said above about makmg the 
noimal group equivalent to the climcal group 1s equally neces- 
sary m the comparison of two clinical groups They must be 
the same m age, in sophistication, and, m addition, in the size 
and type of lesion. 

Halstead (1947) has criticized Rylander (1939) on the ground 
that his normal contol group was not a chnical control group, 
and me (Hebb, 1945b) for bemg taken m by Rylander. Ac- 
tually, Rylande:’s normal control group was an excellent one, the 
only good one that has been used m the study of the frontal 
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lobe His first object was to show that fiontal-lobe damage pro- 
duces mtellectual defects, and he showed this clearly. (Whether 
the defects are greater than with parietal lesions, or whethe 
they are due to the surgical lesion or to an accompanymg dys- 
function, would be anothe: question ) Halstead’s control data, 
both normal and climical, do not meet the elementary 1equiie- 
ments set faith above his normal group was younger (the 
average was 26 years) than either of his clmical groups and 
had a bigh proportion of persons with clerical and academe 
sophistication. His parietal, temporal, occipital group (88 years) 
was younger than his frontal-lobe group (40 yeais), the data 
supplied as to the 1elative extent of frontal and nonfrontal bram 
damage (duect or indirect) aie msufficient, and so too are the 
data as to occupation or sophistication (the designation “house- 
wife” should be supplemented either by educational level or 
husbands occupation). 

Foi some 1eason, frontal-lobe patients in the clmic sometimes 
tend to be older than others and may have a larger total destruc- 
tion when the effects of pressue m the 1est of the bram aie con- 
sidered, This may be because the first signs of a hontal-lobe 
tumo: are less specific than those of a tumo: elsewhere, so the 
patient does not seek treatment as promptly Fiontal tumors 
tend also to produce bilateral damage of cotrespondmg struc- 
tures, by pressure, more than other tumors do Consequently, 
it 1s very difficult mdeed ta find cases m which there ıs, for 
example, comparable damage of one frontal and one temporal 
lobe, o1 of both frontal and both temporal lobes 

There 1s nothing mysterious about the logic of the contiol- 
group method If one wants to estimate the pre-operative intel- 
ligence of a group of barbeis with frontal-lobe myury, o1 of high- 
school teachers, one would look for a group of barbers or bigh- 
school teachers of about the same age and education, and puet- 
erably from the same part of the country, since occupational 
standards vary The trouble ot course ıs that man ıs a suspi- 
cious, sensitive, and uncooperative anmal who objects to havmg 
his mtelligence tested and 1s not usually mterested m helpmg a 
scientific mvestigation at such a pnce To obtam test data for 
a good sample of the geneial population, even if only a sample 
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of fifty or sixty subjects, ıs a very large undeitaking (Weasen- 
burg, Roe, and McBride, 1936) 

The problem of normal control data has been reviewed else- 
where (Hebb, 19455) The conclusions arrived at can be stated 
agam Only two studies have utilized an adequate normal con- 
trol gioup in psychological study of the effect of bram damage. 
Rylande: (1939) and Weisenburg and McBride (1935) These 
two consequently are of outstandmg importance (though they 
are defective m not havmg adequate anatomical data, and one 
cannot be quite sue that the defects were due to a simple loss 
of tissue) Rylanders noms, of couse, since they aie for 
another culture, are not applicable directly to English-speakmg 
patients, but Weisenburg, Roe, and McBride’s (1936) careful, 
though apparently little-known, analysis of mntelligence im a 1ep- 
resentative gioup of adult English-speaking subjects still stands 
as the best basis for the study of intellectual defect. Wyth cau- 
tion, therr data may still be used if one cannot undertake the 
tremendous task of obtammg new normal-control data for each 
new study of bram damage 

Dr Morton and I have also supplemented their test battery 
with some new tests designed especially for adult use (Hebb, 
1942b, Hebb and Morton, 1943) * Such norms, however, be- 
come less and less accuiate with the passage of time, and as 
moe individual tests, of the homogeneous type, become avail- 
able ıt would be desirable for someone to attempt a new stand- 
ardızatıon of a battery of homogeneous tests, each one measur- 
mg a smgle kmd of abılhty and so makmg it more possible to 
analyze the intellectual changes that occur m cases of brain 
damage. 


ANATOMICAL AND PATHOLOGICAL DATA 


The second major aspect of the problem of method m such 
studies ıs the difficulty of gettmg satisfactory anatomical and 
physiological data In an animal study, the only data one trusts 


* A recent 1estandardization of one of these tests, in a short form that 1s 
more convenient for clmical use, has been done by W A Hunt, E G 
French, and I N Mensh An abbreviated form of the McGill Verbal 
Situation Test, J Chin Psychol, 1948, 4, 406-411 
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concerning the locus and extent of lesion are obtained by kilimg 
the animal and removing the biain for anatomical study. Human 
patients, atte. brain operation, have a regiettable way of lvmg 
on mdefimtely—instead of first making a good recovery, to permit 
thorough testing, mstructmg therr 1elatives to permit an autopsy, 
and then dymg of pneumonia 

So one 1s obhged to make the best guess one can, instead of 
having exact data It is not possible at operation to know 
exactly what tissue is destroyed, particularly when the operation 
is fo. a tumo: which displaces the bram—as tumors must—and 
in displacmg it 1s more than likely to produce a diffuse damage 
throughout parts that may be at some distance from the scene 
of opeation In operations for tumor, actually, one 1s practi- 
cally always dealimg with two kinds of lesion the clean surgical 
lesion that can often be accurately described, and the diffuse, 
wiegular lesions that result fom piessuie and have no clearcut 
boundary. Bram operations seemed to open a new eva in the 
study of the localization of function, as they became common 
about 1920 Why? Because the eftect of pathological lesions 1s 
almost impossible to mterpret One cannot say where the dif- 
fuse lesion begins and where it ends, attemptmg to mterpret 
such data, between 1870 and 1920, had led to an endless seres 
of arguments But this difficulty apphes equally to mteipreting 
the eflect of a biain operation plus a pathological lesion, so m 
most cases of tumor the fact that the biam has been operated on 
does not actually make the case suitable for the localization of 
function 

Such a pomt would mean little 1f the effect of the added 
pathological lesion were shght But ıt has been discovered that 
a comparatively small region of pathological change, producmg 
hypersynchiony, may have a much move detenorating effect on 
behavior than a complete loss of the tissue concerned An idea 
of this soit was proposed by Jefferson (1987) and Stookey, 
Scarf, and Teitelbaum (1941) A duect demonstration on the 
point has been provided m two cases in which the 1emoval of 
frontal-lobe tissue, m an area of scarimg, changed a maiked 
deterioration mto behavior mdistinguishable fiom the noimal 
(Hebb and Penfield, 1940, Mixter, Tillotson, and Wies, 1941). 

A region in which the blood supply 1s mtertered with, but not 
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entirely shut off, usually shows some loss of cells and a numba 
of remaining cells whose staining properties aie changed. This 
indicates a change mm the chemical piopeities of the cell, which 
m tun implies a change mm frequency properties and abviously 
may account for the existence of a hypersynchrony which intei- 
feres with the functionmg of the cell-assombly. A focus of 
hypeisynchrony must act as a pacemaker that tends to wean 
transmission units away from the assembly When hypeisyn- 
chrony 1s not great, 1t would allow some assemblies to function 
(particularly those that are Jong established p. 197) but would 
tend to interfere with recent memory, decrease responsiveness, 
and imterfere with complex itellectual activities When it 1s 
more extensive, ıt would prevent all higher functions 

Hypersynch ony thus extends the mfluence of a pathological 
lesion beyond the borders of the lesion itself and may make it 
impossible to draw any conclusion about the localization of the 
functions that are affected after a frontal pole, for example, has 
been removed When one is mterested im an attempt at localiza- 
tion of function, the question must always be asked whether the 
sequclae of operation are due (1) to the surgical 1emoval, (2) 
to pe-manent damage m the remaming paits of the brain, (3) 
to the transient physiological disturbance that always occurs 
along the margins of the surgical lesion, that may take from one 
to six months to subside, and that, since :t is reversible, has de- 
ceived more than one woiker mto thmkmng that recovery 1s an 
evidence of vicarious functionmg, or (4) to a chronic physio- 
logical disturbance, from scar formation or from diffuse patho- 
logical lesions thioughout the 1est of the brain. If a loss of func- 
tion is due to the surgical lesion, the function depends on the 
tissue that was removed, if due to dysfunction, it depends on 
tissue that still remams All this makes the question of localiza- 
tion complex mdeed. It explams why we are httle farther for- 
ward in the localization of function, m the human bamm, than 
Broca and Jackson were—the “experiments of nature” are poorly 
designed, and produce disturbance, as well as a simple loss, of 
function 

The EEG may be a relatively crude index of what 1s going 
on in the cerebhum, with no dnect relation to the fing of the 
individual cell, but it 1s a practical mdex of the physio}ngical 
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status of the different parts of the biam, and as such it has the 
greatest importance mm any attempt to study localization of func- 
tion from a patient’s behavior after recovery from brain opera- 
tion For such a purpose, electoencephalographic report 1s not 
merely desirable but essential With it, one has at least some 
chance of knowing when defects of behavior can be attributed 
to a surgical lesion and not to a pathological dysfunction 
instead. 

Animal experiments, anatomical studies, and studies m which 
the brain of the fully conscious human patient is stimulated 
electrically have clearly localized a number of sensory and motor 
areas But, because of the difficulties of method that have just 
been considered, about the only localization ot a nghe: function 
that has so far been achieved is that of the so-called speech area 
the middle regions of one hemisphere, usually the “dommant” 
one (the left hemisphere m a right-handed person), appear to 
have some sort of executive and o1gamizing iole that is essential 
to speech and some other higher functions No other localiza- 
tion of function m the human cerebrum has been established 
I am awme that this statement is not m accord with much of the 
lterature, but cutical evaluatıon of the evidence presented m 
support of the various claims conceinimg localization permits no 
othe: conclusion, so far as I can see 

A pape: by Klebanoff (1945), very useful as a 1eview and bib- 
hography of most of the psychological woik m this field up to 
1941, did not sufficiently consider the twm problems of noimal 
control data, and anatomical and pathological data Failure to 
solve one or both of these problems tends to mvalidate the 
papers that try to prove that some higher function ıs resident in 
some particular part of the human cortex, n the work 1eviewed 
by Klebanoff If one considers the noimal control data used m 
these studies, o1 the anatomical data, with the same cuitical eye 
that would be tuined at once on an animal experiment, one will 
find none of them justifying more than an opmion, a guess, con- 
cerning the relation of higher functions to the cerebrum. 

Even with regard to the speech area, it 1s none too clear either 
what the boundaries are, or that a limited surgical lesion ın any 
part of the region will disturb speech Aphasia may be pro- 
duced only by a hypersynchrony whose focus is strategically 
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placed here, m a position to disturb function throughout the 
whole hemisphere We have no evidence on this, for the sur- 
geon naturally declmes to touch this area if he can help domg 
so, uf he must, he disturbs as little of it as possible. 

However, the case of left hemidecortication 1eported by Zol- 
Imgei (1935) shows that a clean smgical extirpation can pro- 
duce aphasia Again, anterior lesions mm the speech area may 
produce more difficulty m speaking and writmg, posterior lesions 
moie difficulty m understandmg speech and prmted matter, but 
no real anatomical evidence to this effect seems to exist, and 
Weisenburg and McBride’s (1935) cautious distmction between 
a predommantly expressive and a predominantly receptive 
aphasia should not be extended mto a sharp dichotomy of 
“motor” and “sensory” aphasias, smce it seems highly hkely that 
both aspects of the disorder are always present 

A number of clinical writers have disagieed with this conclu- 
sion, ar1ived at by Weisenbui1g and McBuide, Head, and others; 
but they seem never to have established satisfactory evidence. 
An important pape: by Kennedy and Wolt (1936), for example, 
1eports a “pure alexia” and a pure motor aphasia, with no other 
mvolvement. But the case reports are typically mcomplete to 
show that alexia 1s aphasic, ıt should be shown that there 1s suffi- 
cient acuity fo. readmg, and that the perception of other (non- 
symbolic) visual patterns 1s undisturbed—else one has simply a 
loss of vision or a visual agnosia In the second case of motor 
“aphasia,” what 1s reported by Kennedy and Wolf 1s a loss of 
the capacity for diawmg, with no disturbance of anything re- 
lated to speech a rare and valuable obseivation, but not appar- 
ently relevant to the question of aphasia Agam, Kennedy and 
Wolf have provided no details of sensory and moto: tests, and 
these details must be given if it 1s to be shown that such a thng 
as a pure alexia or agraphia can exist Nether, certamly, has 
yet been shown to result from damage to any limited part of the 
speech area It is haidly likely that they will be, such concep- 
tions anse fiom an older type of theory, no longei ente:tamed 
m psychological thought, and it 1s highly probable that such 
questions (concernimg what peculiar contribution each pait of 
the cortex makes to behavior) will 1emam unanswered until we 
can find out how to ask better questions. 
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There have been a gieat many imteresting and important ob- 
servations showimg a 1elation of complex functions to the parietal 
and temporal lobes m man, but in all the 1epoited cases, of 
vaiious agnosias, disturbances of the body image, and so on, 
there ıs presumptive evidence of the presence of pathological 
dysfunction as well as of a simple loss of tissue, and we are not 
yet m a position to interpret such data as far as the localization 
of function ıs concerned Von Monakow wrote that he did not 
know of a single case m which a pwiely traumatic lesion m the 
occipital lobes of an otherwise sound bram had resulted m a 
persistent visual agnosia * This, implymg that agnosia is an 
effect of dysfunction and not of an uncomplicated loss of cells, 
1s dnectly ın Ime with the present discussion (though it should 
be noted that a traumatic lesion, accompanied by scar formation, 
may also produce chiome dysfunction) There ıs httle that can 
be definitely concluded at present concernmg localization of the 
functions disturbed in agnosia, and so on, until the disturbance 
is found to be produced by a clean surgical lesion, unaccom- 
pamed by delta waves m the EEG. 

Only one thmg need be added: although the frontal lobe is 
the favorite place m which to localize highe: functions when one 
is speculating about these matters, 1t is still true that there 1s no 
pioof that any single higher function depends on this part of the 
bram (Hebb, 1945b) At least as good a case might be made 
out fo. the parietal and temporal lobes as the seat of man’s 
distinctive psychological characteristics—it these in fact depend 
on one pat of the biam more than another (see, for example, 
Kubitschek, 1928, Keschner, Bende1, and Strauss, 1938) 

Because of the enormous amount of space that has been de- 
voted to the eftoit to show that the prefiontal lobe 1s the seat 
and habitation of some highe: function or other (thee aie few 
mental processes that have not been asci1bed to it), the basis of 
these negative conclusions must be made more detailed Domg 
so will also dlustiate othe: pomts dealt with m the preceding 
pages and make them more specific. 


* Personal communication from Di K S Lashley My mterpretation of 
this observation 1s based on the fact that a traumatic lesion ıs less likely to 
produce chronic dysfunction than a tumor or abscess 
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The first and most effective piece of evidence 1s the history of 
a patient both of whose prefrontal lobes were removed by Di 
Wilder Penfield, with results that radically changed the possi- 
bilities of surgical therapy in the frontal area Before this time, 
it was universally accepted that loss of both frontal poles must 
be followed by gross deterioration of personality and intellect 
Dr Penfield’s patient completely reversed the prediction, by 
bemg psychotic before operation (when the damage was rela- 
tively small) and quite mdistinguishable from a normal person 
afterwaid (when the total destruction was mcieased in size— 
with the simultaneous removal of a source of physiological dis- 
turbance) 

The hnstory is that of a boy of sixteen whose skull was fiac- 
tured, with damage to both fiontal lobes, and who in the fol- 
lowmg ten years developed severe epilepsy and became (much 
of the tıme) an mesponsıble and rather dangerous charge The 
condition varied, not only with the occurrence of attacks but also 
between attacks—apparently owing to subclinical seizures. the 
IQ, on the basis of an uncompleted testimg on one day, was esti- 
mated to be below 70, next day a completed test gave an IQ of 
84 After operation, the IQ was consistently close to 96, no evi- 
dence of intellectual loss could be found m any one test or m 
the pattein of test scores as a whole, and the psychotic behavior 
completely disappeared. Climically and socially he was “normal” 
and was able to take full control of his own affairs on the last 
exammation he had been domg so for more than five years He 
enlisted m the army and seived satisfactorily overseas for ten 
months until he had another fit—at which time the medical of- 
ficers caught up with hm and he was discharged. In his sub- 
sequent behavior it 1s possible that there were deficiencies in 
plannmg for the distant futme, but ıt ıs certam that he had more 
mutiative and planned foresight than many persons with frontal 
lobes intact 

There must of course have been some loss of function m this 
patient Logically, 1t seems impossible to suppose that behavior 
can be unchanged after bilateral loss of any area of the bram 
My conclusion ıs not that the fiontal lobes have no function, but 
either (1) that we have not yet guessed at the 1eal nature of 
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this function—have not asked the proper questions ım such inves- 
tigations, o1 (2) that once the development of behavior has been 
completed the prefrontal lobes have no great further importance 
Surely it is the first of these, 1, that 1s the answer, not 2, but 
there 1s nothmg m the evidence at present that justifies the idea 
that the frontal lobes have some special 1elation to higher func. 
tions in human behavior. 

This general conclusion does not actually i1est on the one case 
that I have described but can also be established mdependently, 
The evidence that has been supposed to show the importance of 
the frontal lobes does not withstand scrutiny (it has been re- 
viewed in detail elsewhere—Hebb, 1945b) What the Penfield 
case did was, fist, to demonstiate conclusively that an mea m 
which there 1s dysfunction (the area of scanmg that produced 
both epilepsy and deterioration of behavio1) can be fai more 
detenoratmg than complete 1emoval of the a1ea, and, second, it 
raised the question, How aie we to account for the astonishmg 
difference between this case and other, appaiently simula, cases, 
m which, however, profound dete1ioration 1emamed after sur- 
gical operation on the frontal lobes? 

Examimation of the othe: case reports at once showed strong 
reason to believe that the dete,io.ation they descuibed was due 
to dysfunction, or diffuse destiuction in the rest of the bian 16- 
sultmg from the earlier: piessure of a tumor, o1 both It thus 
appeared that the behavior changes were not due to the sur- 
gical myury, and therefore that such cases are not suitable for 
studymg the localization of function, The extent of the total 
lesion m each case was not known, and the loss of tissue was 
complicated by additional factors. Dysfunction ıs to be expected 
also in frontal lobotomy (p 272), and so cases of lobotomy also 
aie not a source of interpretable data for the localization of func- 
tion, especially smce we do not know at all what the effect 
would be of a similar bilateral mcision ım other regions of the 
brain, 

This line of argument then obtained confizmation from the re- 
poits of bilateral prefrontal lobectomy by Mixtei, Tillotson, and 
Wies (1941) and Heath and Pool (1948) Equally mportant, 
it now appears that monkey or chimpanzec may lose both frontal 
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poles without evident unpairment, though earlier wok seemed 
to have established the contrary * 

We have at present, then, no reason to thmk that a clean sur- 
gical 1emoval of both frontal association aieas 1s necessarily fol- 
lowed by observable, clumcally evident defects of behavior, nor 
have we as yet any 1eal undeistandmg of the functions of this 
pat of the biam 


DIFFERENCES BETWEEN EARLY AND LATE 
BRAIN INJURY 


The study of bram operations ın human patients has not so 
far provided the data that would allow one to be very definite 
about the way in which higher functions are related to special 
parts of the cercbial cortex, but it has 1aised one problem that 
gives us a valuable lead conceinmg the nature of intelligence 
The problem has been 1eferred to already—it arises from the dis- 
covery that an IQ of 160 or Ingher 1s possible afte: the removal 
of one piefiontal lobe (Hebb, 1939) or an IQ of 115 after hem:- 
decoitication (Rowe, 1937), and from the fiequency with which 
above-average scores are reported after cortical mjury m any 
except the speech area It appears possıble, however, that 
similar damage to the mfant bram has a much greater effect on 
the subsequent IQ This possibility suggests a clue to the nature 
of adult mtelligence and suggests a distmction between two 
quite different meanimgs of the term “mtellgence”—a distinction 
that may help to resolve cuzient theoretical disagreements. 

The average IQ after biam operation, n all cases m which an 
IQ was 1eported up to the end of 1941, was 108—at least 8 points 
above the normal adult average, which 1s probably well below 
100 according to the U S Army data of 1917 and Weasenburg, 
Roe, and McBride’s (1936) data When bram damage ıs trau- 
matic or pathological, mstead of surgical, there are also frequent 
mdications that on certam kinds of test (on which the Stanford 
Binet IQ is mainly based) the patient’s score ıs not much lower 
than it would have been had the biam damage not occured 
These data are given in more detail elsewheie (Hebb, 1942c). 


* See T Spaet and H F Harlow, J Exp Psychol., 1948, 82, 424-434, 
R A Blum, Amer Psychol, 1948, 3, 287-238 
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But m practically all such cases the use of other tests shows that 
there is a definite mtellectual loss. That 1s, some tests such as 
the Stanford Binet show little sign ot a loss of intelligence, others 
show much greater loss There are then two kinds of test mate- 
nial, o1 two extremes m test content that shade mto one another, 
The same picture appeais when olde: adult subjects are exam- 
med: some (Bmet type) tests show no dete1io1ation due to 
advancmg age, otheis show a maiked dete1io1ation, and most 
tests fall somewhere boctween the two extiemes (Jones and 
Conrad, 1933, Wechsler, 1989) 

The Binet IQ 1s determined by the use of a composite test, 
and it amounts to an average level of performance in a miscel- 
lany of tasks It 1s mamly verbal, however, and mainly involves 
a kind of pioblem to which the answer 1s 1athe1 obvious, to the 
subject who can solve it at all Tests of mtelligence may also 
consist of nonverbal tasks, and puzzle-like tasks—ones that re- 
quire an effort and have to be worked out logically Analysis of 
the test scores made after biam operation, when aphasia 1s not 
present, mdicates that ıt ıs the füst of these two kinds of task 
that 1s little affected by biam damage, the second that ıs much 
affected (Weisenbui1g and McBiide, 1935, Rylander, 1939, Hebb, 
19424). The IQ shows little effect of bram damage outside the 
speech areas because it 1s mamly based on “Bmet type” tasks. 
These consist particularly of tests of vocabulaiy, mformation, 
digit 1epetition, digits backward, undeistandmg of the meanmg 
of fables o1 pioverbs, and ceitam problems of a familar kind, 
dependent usually on common sense (in the form of a cultural 
sophistication ) 

Now, for normal persons, vocabulary and information tests 
are among the most valid tests of intelligence, and the Bnet- 
type test m general is what best predicts the subject’s level of 
problem-solvmg outside the labouatory or clic, m a wide range 
of situations. This is what presents us with our problem how 
can they also be the ones that show the least effect of bram 
operation, and the degenerative changes of senescence? 

But we must conside: at once a futher fact that in certain 
essential respects, “intelligence” does not decicase after the age 
of twenty or thirty, and the brain-operated patient very fre- 
quently demonstrates an wumpaired level of functioning in hs 
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daily occupations. The patient with an IQ of 160 after pre- 
frontal lobectomy (Hebb, 1939) graduated with honors m his 
arts couse and went on to do well m medical school, the pa- 
tients with half the cortex removed (Dandy, 1988, Rowe, 1987, 
Kainosh and Gaidnei, 1941) clearly did not act in any respect 
hke the feebleminded, m thew daly affars, Certam mtellectual 
capacities are well retamed by the patient, m some respects, the 
prediction made by the Bmet-type test is valid The puzzle 1s 
not why the Bmet suddenly loses its diagnostic value, after bram 
injury but why an mpoutant part of mtelligence 1s little affected 
by the myury The fact that it is not, at once suggests that this 
part of intelligence 1s not dnectly couelated with the mtegrity 
of the bram, and, since the problems in which “mtelligence” 1s 
unmpaned are m general those with which the patient 1s fa- 
miliar, a further suggestion ıs that part of intelligence ıs a 
product of expenence 

An idea of this soit led to the examination of the effects of 
eaily bram injury (with the help of Dr Hemz Werner), the re- 
sults, in short, mdicated that any damage to the mfant bram 
would affect late: peiformance on vocabulary tests, mformation, 
and the lke at least as much as perfomance on other tests 
(Hebb, 1942a) The situation appaiently is this Unless every 
known case of large damage to the imfant coitex 1s a case of 
speech-aiea damage (a most improbable situation), destruction 
of tissue outside the speech areas will prevent the development 
of verbal abilities, but the same destruction may not greatly 
affect these abilities once development has occuned 

The evidence for this mterpretation 1s not perfect, but it 1s 
rather strong The one flaw appears to be the possibility that 
the known cortical-type birth-nyury population 1s made up pre- 
dommantly or entirely of patients with speech-area lesions It 
is conceivable that when palsy is not piesent only speech-area 
cases are detected—that all the “exogenous” cases of mental de- 
ficiency (Werner and Strauss, 1989) are discovered because of 
damage to this particular cortical area alone. But agamst this 
possibility is the fact that cases of palsy, presumably detected 
because of it, also have the low verbal test scores chaiacteristic 
of other birth-myury cases The twelve cases reported by Doll, 
Phelps, and Melcher (1982) showed marked vocabulary 1etarda- 
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tion. The low vocabulary score of the burth-injured 1s not due 
to deficient opportunity to learn the meanmg of words (Hebb, 
1942a)—a conclusion suppoited by the almost identical retarda- 
tions of vocabulary and digit-epetition scores reported by Doll, 
Phelps, and Melcha. Fmthe, Doll (1933) repoted that there 
1s no correlation of speech defect and IQ m the buth-mnjmed 

It appears, therefore, that an eaily mjury may prevent the de- 
velopment of some intellectual capacities that an equally exten- 
sive mjuy, at maturity, would not have destoyed To complete 
the picture, it should be said again that this relationship does 
not hold—at least not to the same degree—for all imtellectual 
capacities, and sensory and motor capacities afte: damage to the 
infant bram tend to 1each a higher level than that attamed after 
destruction of the same regions at maturity 

How are we to understand the first type of capacity m the 
adult, the one that is not gieatly affected by biam damage at 
matuuty? Psychologically, the matte: might be put this way. 
The actual modifications of behavio: that occur m intellectual 
development are from one pomt of view qualitative faced with 
a complex situation, the more mtelligent subject sees rt m a dif- 
ferent way, and makes a different response—not more 1esponses, 
01 1esponses that take more effoit The chief intellectual effort, 
in such behavior, ıs demanded on the first occasion on which the 
new way of sceing the situation occus Leainmg to solve a 
pioblem usually demands moie effort than solving othe: piob- 
lems of the same kmd on late: occasions when one has discov- 
ered the pimaple involved The same ıs often tue of percep- 
tion, whether one 1s solvng a formal problem or not, once one 
has seen a certam relationship m a pictwe, or heard 1t m music, 
it may take no effort to find 1t agam mm similar pictmes o1 music 
This perception of relationships 1s essential m problem-solving, 
and one would steadily accumulate an imcieasing stock of such 
ways of seemg and attacking problem situations, as age ad- 
vances, so, ma familia: field, the fifty-year-old may be definitely 
more “intelligent” (as defined by the pioblems he can solve) 
than a twenty-yeat-old. At the same time, the pioblem that 
requues a radically new approach, new ways of perceiving, 1s 
not likely to be solved by the older man with his shiunken biram 
The difference in the demands that aie made by different pio- 
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fessions, or different fields of mvestigation, would account for 
the fact that some fields are characteristically the domam of 
young men, others of the middle-aged. We cannot simply gen- 
eralize, and say that imtellectual capacity, objectively defined, 
decreases from the age of twenty-five onward. Some capacities 
do, otheis do not. 

Physiologically, the matte: may be put as follows some types 
of behavior that requne a laige amount of bram tissue for thei 
first establishment can then persist when the amount of available 
tissue has beon decreased This of course is consistent with the 
theory of cell-assembhes that has been presented in this mono- 
graph It has been postulated that, with the enlargement of 
synaptic knobs, the number of fibers necessary for transmission 
at the synapse decreases (p 66), In the fist estabhshment of 
an assembly, then, more fibers are necessary than for its later 
functioning. 

Also, it has been said that there is a possibility of “short- 
circuiting” mm the phase sequence (p. 228) so that, after a phase 
sequence has been well established, some assemblies may no 
longe1 be necessary to it, If bram injury occurs m a limited 
region of the bram, it would presumably remove a small number 
of tiansmission paths from each of a very large number of as- 
sembles These assemblies might still function, though they 
would have smaller safety margins (p 197) and therefoie would 
function less reliably In other assemblies, the loss might be 
great enough to prevent any functioning, but a phase sequence 
m which some of these assemblies were originally essential might 
later shoit-circuit them, and produce the same ultimate msight 
or understanding of the situation, though some of the steps of 
inference would have been omitted 

Visual stimulation may have been volved in the foimation 
of some concept, and yet not be necessary to its later arousal 
(p 128). Thus the congenstally blind would be meapable of 
insights and understandmg possessed by those who have become 
blind after having had vision. In the same way, an area-18 
lesion might prevent certam “visual” assemblies from function- 
ing These may have been origmally necessary, as a connecting 
link, n the establishment of connections between other assem- 
bles, constitutmg a patticula: conceptual activity, but once the 
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connections are established, the connecting link may not be 
needed any longer The same atea-18 lesion in infancy thus 
might prevent a conceptual development but not destroy ıt at 
maturity, 


THE TWO MEANINGS OF “INTELLIGENCE” 


The climecal evidence has indicated, ın effect, that there are 
two components im intelligence-test performance and in any m- 
telligent behavior One 1s diminished mmmediately by damage 
to the bhiam, and amounts to a factor of heredity, one is related 
more to experience, consisting of permanent changes in the or- 
ganization of pathways in the cerebrum (im the present theory, 
these changes ase the establishment first of assemblies of cells, 
and secondly of interfacilitation between assemblies) The 
hereditary factor 1s essentially the capacity for elaborating per- 
ceptions and conceptual activities, the expeiiential factor 1s the 
degree to wluch such elaboration has occuned (and paiticularly, 
when we speak of mtelligence, the conceptual elaboration that 
1s not specific to one occupation or situation, but that enters mto 
many human activities, concepts of number, of causal relations, 
of common human behavior, and so on). 

Fiom this point of view it appears that the word “tntelligence” 
has two valuable meanings One is (A) an innate potential, the 
capacity for development, a fully mnate property that amounts 
to the possession of a good brain and a good neural metabolism. 
The second is (B) the functionmg of a brain m which develop- 
ment has gone on, determming an average level of perform- 
ance or comprehension by the partly giown or matwe person. 
Neither, of course, 1s observed directly, but intelligence B, a 
hypothetical level of development m bram function, 1s a much 
more direct inference from behavior than intelligence A, the 
origmal potential (I emphasize that these are not two pauallel 
kinds of mtelhgence, coexistent, but two different meanmegs of 
“mtelligence.”) It is tue that estimating mtelligence B requires 
a summation of observations of behavior m many different situa- 
tions, at different times, however, if we assume that such an est- 
mate 1s possible, what we actually know about an mtelligence- 
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test score 1s that it 1s primauily related to mtelligence B rather 
than itelligence A The relationship to A 1s less dnect, 

Most of the disagreement ın recent years over the nature of 
“intelligence” concerns the relation of A, mnate potential, to B, 
the estimated level of functionmg at matuity. If A determmes 
B fully, “mtelligence” 1s a matter of heredity and maturation 
only, the IQ ıs not dependent on experience. But if intelhgence 
A 1s only one of the conditions of mtelligence B, not the sole 
detexmmant, what then? Intelligence A is still hereditary, and 
it would not be true to say that “mtelligence” (without qualzfi- 
cation) 1s mfluenced by experience only intelligence B is so 
affected. 

The dispute m the curent literature has arisen, I believe, 
partly because of the double reference of the term “mtelligence” 
and partly because it has not been realized that if the effects of 
early expeiience are more or less generalized and permanent 
one can concede a majoi eftect of experience on the IQ, and still 
leave the IQ its constancy and validity as an mdex of future 
performance 

An imnate potential for development ıs not logically a guar- 
antee that the development will occur There 1s m fact an over- 
whelmmg body of evidence to show that experience is essential 
to the development (the o11gmal potentiality 1s of course equally 
essential) Binet himself assumed the necessity of adequate ex- 
perience m the subject to be exammed by his method, the con- 
tent of intelligence tests still makes this a necessary precondi- 
tion, and all psychologists recognize that one cannot compare 
the mnate mtelligence of subjects from twe different cultures 
experience affects thew IQ’s to an unknown degree. Why then 
should we object to the idea that enriching an madequate envi- 
ronment will raise the IQ, as Stoddard and Wellman (1940) and 
others have urged? 

Some of the objection, certainly, may be occasioned by a 
faulty use of evidence and be due to the impression that the case 
for an environmental mfluence on the IQ has been overstated. 
But the roots of the objection, I beheve, are to be found in cer- 
tam ideas about the nature of learning. It 1s apt to be assumed 
that learnmg is more o1 less specific to particulai situations, that 
what ıs learned can always be forgotten, or that 1f something 


296 The Growth and Decline of Intelligence 


can be learned m infancy it can also be learned at maturity. 
Assuming the truth of such propositions, one might then thmk 
as follows: 

“Tf the IQ has any great dependence on learnmg it must fluc- 
tuate easily, it might be raised fiom 100 to 150 ın the adult, or 
might fall from 100 to 70 if a child ıs removed from school and 
other strmulatmg mfluences But the IQ does not m fact be- 
have so—theiefore learnmg does not contiibute to ıt It must be 
hereditary, because it 1s so stable.” 

However, there aie defimtte limits to the “constancy” of the 
IQ, and most of the tacts that seem to show that tt 1s heredi- 
tartly deteazmmed would be accounted for if we assume that 
heredity only sets a limit to the IQ, and assume also that early 
learning tends to be permanent, that it has generalized transfer 
effects, and that it 1s not specific to particula: situations That 
eaily leanmg has such properties has alieady been suggested, 
in the first part of Chapter 6 I wish now to 1epoit some pire- 
liminary expe1iments with the rat, which seem to show that some 
aspects of this anunal’s mtcllgence at maturity aie a function 
of his early experience. If this pimeiple can be established by 
means of animal expe1iment, we can then see how it would be 
apphed to the known facts of human intelligence and intelli- 
gence-test peifoimance. 


EXPERIMENT INFANT EXPERIENCE AND ADULT 
PROBLEM-SOLVING 


When we test human intelligence, we always assume that the 
subject has had a certam body of expetience common to all 
“normal” children ın the community, the experience whose lack 
may mvalidate comparison of the mnate potential of subjects 
from diflerent communities Apart entuely from contoveisy 
about the effect of special experiences on the JQ, we are all 
agreed, m this sense, on the effect of a certam kind of experience 
(which 1s not, howevei, well defined) 

One purpose of the expermental work bitefly described heie 
was to find out more about how the ordimary experience of im- 
fancy affects mature behavior It was not certam that such 
effects could be found ın rat behavior, even if they exist for man, 
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but if one could find some trace of them m rat behavior ther 
nature could be investigated much more easily m a species that 
reaches maturity m thiee months than in one that takes fifteen 
years Also, the clinical evidence reviewed m this chapter has 
mdicated that the effect of early experience 1s not found equally 
m all forms of behavior Accordingly, these were exploratory 
experiments, with the main object of establishmg the existence 
of some lasting effect of eaily experience on the late: problem- 
solving of the rat The first explorations gave wholly negative 
results, but they have the value of showmg that some behavior 
1s not affected by early experience, that 1s, they serve to delimit 
the effect 

In the first part of the study, one group of 7 animals were 
blinded m mfancy, and a group of 7 littermates were blinded at 
matuuty Both gioups were handled frequently, and were al- 
lowed daily to 1un outside thei cages in a large space m which 
there wcrc a number of objects The question asked was this. 
Would the group with vision durmg growth lean somethmg 
about findmg thew way around that they would retam after 
bemg blmded at maturity? Would this affect ther behavior 
permanently, m other situations than those ın which ther visual 
experience occurred? 

At the age of five months—two months after the second group 
were blinded—the rats were tamed to find food in one of tour 
containeis in an open feld Two hundred trials were given, and 
the leaining was not complete for most of the anunals im this 
tme—so this presumably 1s to be classed as 10te leainmg 1ather 
than insightful A second peziod of trammg m a similar task 
also appeaied to give 1ote lea.ning, and in neither could any sig- 
nificant difference be found between the two groups, early- and 
late-blinded. 

At this pomt, however, a chance observation suggested the 
possibility that an “mtelligence test” for the rat (Hebb and Wil- 
hams, 1946) might reveal differences between the groups. Al- 
though the test had been meant for normal animals, it might 
woik with the blmd as well 

The test showed a clear difference between the gioups By 
this time the expetiment was bemg done with only 3 late-blinded 
animals and 4 early-blinded, a small number for statistical sig- 
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nificance. However, there was no overlap of scores m the two 
groups—all 3 late-blinded were bette: than all 4 early-blinded, 
which 1s certainly significant.* 

Before repeating and confirming this result, it appeared profit- 
able to explore further The effect of vision durmg develop- 
ment, on the behavior of 1ats after being blmded at maturity, 
was great, would other variations of experience also have effects 
that could be detected by this—apparently sensitive—method of 
testmg? The obvious expertment was to compare rats reared in 
ordinary small cages with others that had had the run of a wider 
environment Two litters were taken home to be reared as pets,} 
a first gioup of 8 (after 1 mortality at home) and a second 
group of 4, They were out of their cages a good deal of the 
time and running about the house While this was being done, 
25 cage-1eaied rats from the same colony were tested 

When the pet group were tested, all 7 scored n the top third 
of the total distribution for cage-reared and pets. More im- 
portant still, the pets mproved then 1elative standing in the last 
10 days of testing, followmg 10 days of prelimmaiy traming, and 
11 days of testmg (a total of 21 tests was used) One explana- 
tion of the better scores of the pets ıs just that they were tame, 
more used to handling, and less disturbed by testmg. But, if 
this were so, the longer the cage-1eaed anumals were worked 
with the close: they would come to the pet gioup, as the cage- 
reared became tamer with prolonged handlmg On the contrary, 
the pets mproved more than the cage-reated This means that 
the 1icher evperience of the pet group during development made 


* The experiments described in this section are now bemg 1epeated and 
carried further by B Hymovitch and II Lansdell, and will be reported m 
detail later The method has been considerably mmproved since the first 
report of Hebb and Wilhams, it will be described m detail ın a separate 
publication The essential featurcs of the method are (1) 10 to 14 days’ 
prelimmary traming gets the animal used to handling, to the test situation, 
and to daily changes m the route he must take to food, and teaches him 
where the food is to be found (its position 1s constant throughout), (2) 
the test itself ıs a series of 20 to 24 separate problems, each relatively easy 
for the seeing rat, he 1s given between 6 and 10 trials with each, and lus 
score is the total number of entues into error zones (see figure 17, p 137) 

+ Grateful acknowledgments are due to the Misses Jane and Ellen Hebb, 
ages seven and five, for then enthusiastic assistance m the mveshigation 
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them better able to profit by new experiences at maturity—one 
of the characteristics of the “intelligent” human bemg Further- 
more, a measure of motivation and tameness m the cage-reared 
was available, and the conelation of this with the test score was 
negligible (018 + 019) 

These results show a permanent effect of early expelience on 
problem-solving at matuiity. “permanent,” because, in the first 
experiment with early- and late-blnded, visual expenence that 
ended at three months of age had marked effects at eight months 
of age (a long period m the hfe of a rat), and because, m the 
second expetiment, the pet group improved its standing com- 
pared to the others as experience mceased Differences of 
early expeilence can produce differences m adult problem- 
solving that further experience does not erase 

These prelummary results are aheady bemg confirmed by more 
elaborate experiments now gomg on, and a principle 1s estab- 
lished that, first, 1s fully m accord with other evidence showmg 
lastmg and generalized effects of early experience (Chapter 6) 
and, secondly, claiifies the inteipretation of existing data con- 
cerning human intelligence-test performance. 


THE NATURE AND NURTURE OF INTELLIGENCE 


Actually, some of the data on normal human mtelligence (as 
well as the climical data) allow only one mterpretation, namely, 
that there 1s a major effect of experience on the IQ. One dff- 
culty m accepting this mterpietation 1s that 1t may seem to deny 
the validity of the mtelligence-test method But, if the prmciple 
of a lastmg and generalized effect of early learnmg 1s accepted, 
not only on the IQ but also on the everyday problem-solving of 
the adult, the validity of the intelligence-test method may be 
extended, not reduced It is common to say that an intelligence 
test 1s not valid when given to a foreigner 01 a Negio Not vald 
m what sense? as an estimate of mnate potentiality, of intelli- 
gence A. It may be quite valid, on a purely empirical footmg, 
for estimatmg intelligence B—the actual level of comprehension, 
learning, and problem-solving in this culture Separatmg these 
two meanings of “mtelligence” allows one to show where the test 
1s valid, as well as where it 1s invalid 
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Look closer at this question of the ielationship between test 
score and culture It 1s agreed by psychologists that the 1Q’s of 
different peoples should not be compared, since intelligence tests 
are culture-loaded and not equally far to subjects fiom different 
cultures Now it 1s quite clear from the context of such discus- 
sion that the “unfairness” res m estumating a subject’s hereditary 
endowment Negroes hving m the United States make lower 
average scores on intelligence tests than whites do, but we can- 
not conclude that the Negro has a poorer bramm than the white. 
Why? Negio and white speak the same language, are taught n 
the same curriculum and sometimes in the same schools, work 
at the same plants, and on the whole mtermmgle very freely. 
Why then does the Negro’s IQ not have the same meaning as 
a white man’sP Because Negio and white do not have the op- 
portunity to learn to speak the language with equal iange and 
accuracy, are not usually taught in equally good schools, and do 
not have equally good jobs or equal exposure to cultunal influ- 
ences that usually require a fawly good mcome. 

All this we can accept, but when we do so we must recognize 
that we have completely undermmed the argument that difter- 
ences of IQ among white, native Americans aie determined by 
heredity. 

In what respect does the argument, concernmg the Negro’s 
IQ and his mnate endowment, differ fo. the poor white in the 
South and the white tenement dweller m the North? They do 
not have opportunity to acqune the same vocabulary, are often 
taught m poor schools, do not get good jobs or have good sala- 
ries The extent of this mfluence of experience 1s quite un- 
known, conceivably, ıt ıs small, but one cannot argue that Negro 
and white IQ’s cannot be compared, and at the same tme that 
those of white and white can be, when the white subjects have 
different social backgrounds The IQ can be trusted as an mdex 
of mntellagence A only when the social backgiounds of the sub- 
jects compared are identical, and this adds up to the proposition 
that we caunot in any rigoious sense measure a subjects innate 
endowment, tor no two social backgiounds aie identical and we 
do not know what the important cnvuonmental vaiiables aie m 
the development of intellectual functions Intelligence A may 
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sometimes be estimated, but ıt cannot be measured (Hebb and 
Morton, 1944), 

Intelligence m sense B 1s a different matter. We know, be- 
yond dispute, that the adolescent with generally low intelligence- 
test scores, whether Negio, poor white American, or foreigner, 
1s a poor prospect for college traming, or trammg as a mechanic, 
or Army officer, or diess designer The mability to determime 
intelligence A from a test score should not blind us to the fact 
that a foreigner’s intelligence B can be estimated, as far as its 
operation m this culture ıs concerned. 

To be a bank manager, an airplane pilot, a mathematician, a 
secretary, Or a sulgeon requires a certam common conceptual 
development that must occur m this or a closely related culture, 
and m childhood mainly; and mtelligence tests on the whole can 
piovide a rather good mdex of the extent to which that devel- 
opment has occurred No other mterpretation seems possible of 
the differences, both in educability and in mtelligence-test scores, 
of first- and second-generation immigiants Supposing that both 
have an adequate nutrition, father and son must have on the 
average the same intelligence A, the son very often has a much 
higher intelhgence B 

The nature of the cultural environment that is necessary to 
this conceptual development cannot be described accurately It 
does not necessarily consist of a formal schooling, and it may be 
present m spite of poverty. In general, one might guess, it con- 
sists of an exposure to ideas, to books, and to mtelligent conver- 
sation, the opportunity to acquire common technical knowledge 
and skills, and exposure to persons with social skills, who are 
good at gettmg along with other persons Besides bemg a guess, 
of course, such a statement is pretty vague and shows rather 
clearly how much we cannot say about the matter. Also, we 
have no way of knowmg what ceilmg there 1s on this environ- 
mental mfluence, at what age it 1s greatest, and so on. Such 
questions can be answered only by further research 

Our mformation at present is scanty, almost entirely natural- 
istic rather than experimental m ongm Nefs (1938) review 
will show the mterested reader how definite the evidence is 
that environment has a major effect on the IQ  Identucal-twin 
data, for example, are commonly supposed to have shown that 
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heredity 1s the only major determinant of “intelligence.” In none 
of the studied pairs, however, was one twin biought up m an 
entirely favorable environment, one in an entnely unfavorable 
environment, usually they were biought up m about the same 
stratum of society, so that similar IQs may be the result of 
simlar environment, a sımılar heredity, or both 

What we really want, as evidence on this pomt, ıs one twm 
brought up m a good home, with books, toys, kindeigarten 
trainmg, and plenty of exposure to intelligent adults, the other 
brought up by illiterate, poverty-stricken, anti-social mountain- 
ees with low IQ’s: then test them intelligences at maturity, and 
try makmg doctors, or politicians, of both twms. When this is 
done, and when it has been shown that the twin with a poor 
environment (for the fist fifteen years of life) can with time 
become as good a diagnostician or committeeman as his geneti- 
cally identical brothe:, ıt will then be in order to say that the 
factual evidence shows that “mtellagence” and the IQ are with- 
out any major effect from experience, not before. 

If the Iowa studies (Stoddard and Wellman, 1940) are dis- 
trusted, the studies of Gordon, Asher, and Jordan, among others 
reviewed by Neff, all tell the same story. The constancy of the 
IQ 1s the main argument for its being determmed by heredity, 
but the fact is that the IQ 1s not constant—it 1s stable, and 
changes slowly, and more and more slowly as maturity ıs ap- 
proached (Anderson, 1939), so that the IQ of the adult may be 
constant (though there are few data on long-term comparisons 
even here) But prediction of the adult IQ, mm infancy, is more 
accurate on the basis of the parents’ [Q’s than on that of the 
infant himself, from an IQ at the age of five, prediction of the 
IQ at twelve 1s about 20 pen cent better than chance prediction, 
very little better than can be done from knowmg what land of 
home the child 1s growmg up m 

There are then two determinants of intellectual growth a 
completely necessary imate potential (mtelligence A), and a 
completely necessary stumulatmg environment. It 1s not to the 
point to ask which is moe important, hypothetically, we might 
suppose that intelligence will 11se to the mut set by heredity or 
environment, whichever 1s lowe: Given a perfect environment, 
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the mhented constitution will set the pace, given the heredity 
of a genus, the envionment wall do so 

The essentials of this envuonmental wifluence cannot be spect- 
fied Though we know that wealth, prolonged schoolng, or 
“intelligent” parents (that 1s, with mtelligence B) ave not essen- 
tial, these things all may contribute, Since the guess has been 
made that the essential is exposme to mntellgence B, at 1s pre- 
sumably true that the child must ether have mtelligent parents 
or mitelligent acquamtances and teachers Schooling also 1s be- 
comme more and more necessary to an understanding of adult 
problems m this society, and a certan amount of wealth, of fiee- 
dom from economic pressure, may be quite necessary to full mtel- 
lectual development, The factas, however, that we know almost 
nothing specific about the matter, The country may be full of 
potential geniuses, for all we know, and it should be a pressing 
concern for psychology to discover the conditions that will de- 
velop whatever potentalities a child may have, 


Bibliography 


Adams, D K 1929 Expenmental studies of adaptive behavior m cats 
Comp Psychol Monog, 6, No 1 

Adran, E D 1981 Potential changes in the isolated nervous system of 
Dytiscus maginahs J Physol , 72, 182-151 

Adran, E D 1984 Electrical activity of the nervous system Arch 
Neurol Psychiat , 32, 1125-1136 

Adnan, E D, and Buytendyk, F J J 1931 Potential changes ım the 150- 
lated brain stem of the goldfish J Physiol, 71, 121-185 

Adran, E D, and Matthews, B H C 1934 The mterpretation of po- 
tential waves m the cortex J Physol, 81, 440-471 

Allen, C, and Broster, L R 1945, A further case of paranoid psychosis 
successfully treated by adrenalectomy Brt Med J, No 4402, 696-698 

Allport, G W 1946 Effect a secondary prmnciple of learnmg Psychol 
Reo , 58, 885-947 

Anderson, J E 1989 ‘The limitations of infant and preschool tests in the 
measurement of mtelhgence J Psychol, 8, 351-879 

Arvanitaki, A 1942 Effects evoked in an axon by the activity of a con- 
tiguous one J Neurophysiol, 5, 89-108 

Bard, P 1984 On emotional expression after decortication with some re- 
marks on certam theoretical views Psychol Rev, 41, 809-829 

Bard, P 1942 Neural mechamsms m emotonal and sexual behavior 
Psychosom Med, 4, 171-172 

Bartley, S H, and Bishop, G H 1938 Factors determmig the form of 
the electrical response from the optic cortex of the rabbit Amer J 
Physiol, 103, 173-184 

Bartley, S H, and Chute, E 1947 Fatigue and mmparment m man 
New York McGraw-Hill 

Beach, F A 1987 The neural basis of mnate behavior I Effects of 
cortical lesions upon the maternal behavior pattern m the rat J Comp 
Psychol, 24, 898-489 

Beach, F A 1939 The neural basis of mnate behavior IH Compar- 
son of learning ability and mstnctive behavior m the rat J Comp 
Psychol , 28, 225-262 

Beach, F A 1942 Analysis of factors mvolved m the arousal, mamte- 
nance and manifestation of sexual excitement im male anmals  Psy- 
chosom Med, 4, 178-198 

Beach, F A 19474 A review of physiological and psychological studies 
of sexual behavior m mammals Physiol Rev, 27, 240-807 

305 


306 Bibliography 


Beach, F. A 1947b Evolutionary changes m the physiological control of 
mating behavior im mammals, Psychol Rev, 54, 297-315 

Beach, F A 1948 Hormones and behavior New York Hocher 

Bellak, L, and Willson, E 1947 On the etiology of dementia praecox 

J Nerv Ment Dis, 105, 1-24 

Bellows, R T 1989 Time factors m water drmkmg m dogs Amer J, 
Physiol, 125, 87-97 

Birch, H G 1945 The relaton of previous experience to insightful 
problem-solvmg J Comp Psychol, 88, 367-383 

Bishop,G H 1946. Nerve and synaptic conduction Ann Rev Physiol, 
8, 855-874 

v Bonm, G, Garol, H W, and McCulloch, W. 5 1942 The functional 
organization of the occipital lobe In Kluver, H, Visual mechamsms 
Bul Symp, 7, 165-192 

Bormg, E G 1916 Cutaneous sensation after nerve-division Quart J 
Exp Physwl, 10, 1-95 

Bormg, E G 1930 A new ambiguous figure Amer J Psychol, 42, 
444-445 

Bormg, E G 1983 The physical dimensions of consciousness New 
York Century 

Bormg, E G 1946 Mund and mechanism. Amer J Psychol, 59, 178~ 
192 

Bousfield, W A 1935 Quantitative indices of the effects of fasting on 
eating-behavior J Genet Psychol, 46, 476-479 

Bowman, K M 1935  Psychoses wilh pernicious anemia Amer J 
Psychiat , 92, 371-896 

Bowman, K M 1946 Modern concept of the neuroses J Amer Med 
Assoe , 182, 555~557 

Bndgman, C S, and Smith, K U 1945  Bailateral neural integration m 
visual perception after section of the corpus callosum J Comp Neurol, 
83, 57-68 

Bronk, D W 1939 Synaptie mechanisms m sympathetic gangha 
J Neurophysiol , 2, 880-401 

Brown, Warner 1982 Spatial mtegratons m a human maze Univ 
Cahf Publ Psychol, 5, 128-184 

Bruetsch, W L 1947 Rheumate bram disease late sequel of rheumatic 
fever J Amer Med Assoc, 184, 450-454 

Carlson, A J 1916 The control of hunger in health and disease Chi- 
cago Unw Chic Press 

Carmichael, L, Hogan, H P, and Walter, A A 1982 An experimental 
study of the effect of language on the reproduction of visually perceived 
form J Exp Psychol , 15, 73~86 

Chandler, A R 1934 Beauty and human nature New York Appleton- 
Century 

Clark, G, and Lashley, K S$ 1947 Visual disturbances following frontal 
ablations m the monkey Anat Rec, 97, 826 


Bibliography 807 


Cobb, S 1944 Personality as affected by lesions of the brain In Hunt, 
J McV, Personality and the behavior disorders New York Ronald, 
Vol I, pp 550-581 

Cobb, 5, Cohen, M E, and Badal, D W 1946 Capillaries of the nal 
fold m patients with newocirculatory asthenia (effort syndrome, anxiety 
neurosis) Arch Neurol Psychiat , 56, 643-650 

Cohn, R 1945 Electroencephalographic study of prefrontal lobotomy 
Arch Neurol Psychat , 58, 283-288 

Cowles, J T, and Nissen, H W 1987 Reward-expectancy m delayed 
responses of chimpanzees J Comp Psychol, 24, 345-358 

Dandy, W E 1983 Physiologic studies followmg extirpation of the nght 
cerebral hemisphere m man Bull Johns Hopkins Hosp , 53, 81-51 

Danel, R S, and Smith, K U 1947 The sea-approach behavior of the 
neonate loggeihead turtle J Comp Physiol Psychol, 40, 413-420 

Dashtell, J F 1928 Are there any native emotions? Psychol Rev, 35, 
819-827 

Davison, C, and Demuth, E L 1945 Disturbances m sleep mechamsm 
a chinico-pathologic study II Lesions at the corticodiencephalic level 
Arch Neurol Psychiat , 54, 241-255 

Denker, P G 1946 Results of treatment of psychoneuroses by the gen- 
eral practitioner: a follow-up study of 500 cases N Y. State J Med, 
46, 2164-2166 

Dennis, W 1934 Congenital cataract and unlearned behavior J Genet 
Psychol , 44, 340-350 

Denms, W 1940 Infant reaction to restraint an evaluation of Watson's 
theory Trans N Y Acad Sci, Ser 2, 2, No 8, 202-218 

Denny-Brown, D 1982 Theoretical deductions from the physiology of 
the cerebral cortex J Neurol Psychopathol, 13, 52-67 

Dewan, J G, and Owen, T 1945 Mental illness and the principles of 
medicine Canad Med Ass J, 52, 849-857 

Doll, E A 1988 Psychological significance of cerebral birth lesions 
Amer J Psychol, 45, 444-452 

Doll, E A, Phelps, W M, and Melcher, R T 1982 Mental deficiency 
due to buth injures New York Macmillan 

Diew, G C 1938 The function of punishment m learnmng J Genet 
Psychol , 52, 257-267 

Dubner, H H, and Gerard, R W 1989 Factors controlling brain po- 
tentials m the cat J Newophysiol, 2, 142-152 

Dunlap, K 1982 Habits their mukmg and 1emahking New York 
Liveright 

Editors, Nutrition Reviews 1944 Self-selection of diets Nutrition Rev, 
2, 199-208 

Egafia, E, Johnson, R E, Bloomfield, R, Brouha, L, e¢ al 1942 The 
effects of a diet deficient m the viiamin B complex on sedentary men 
Amer J Physiol , 187, 7381-741 


308 Bibliography 


Erlanger, J 1989 The mitation of impulses m axons J Neurophysiol, 
2, 870-379 

Ferraro, A, Aret, S, and Enghsh, W H 1945 Cerebral changes in 
the course of pernicious anemia and ther relationship to psychic symp- 
toms J Neuropathol Exp Neurol, 4, 217-289 

Fields, P E 1982 Studies m concept formation. I, Comp Psychol 
Monog , 9, No 2 

Forbes, A 1989 Problems of synaptic function J Neurophysiol, 2, 
465-472 

Freeman, G L 1984 Introduction to physiological psychology New 
York Ronald 

Freeman, W, and Watts, J W 1942 Psychosurgery intelligence, emo- 
tion and social behavior following prefrontal lobotomy for mental dis- 
ordeis Springfield Thomas 

Freeman, W, and Watts, J W 1946 Psychosurgery In Spegel E A, 
Progress in newology and psychiatry an annual remew New York 
Grune and Stratton, pp 649-661 

Fuchs, W 1920 Untersuchungen uber das Sehen der Hemianopiker und 
Hemiamblyopiker II In Gelb, A, and Goldstem, K, Psychologischen 
Analysen hurnpathologischer Falle Leipzig Barth, pp 419-561 

Fulton, J F 1943 Physwlogy of the nervous system 2nd Ed, New 
York Oxford Univ Press 

Gantt, W H 1938 Extension of a conflict based upon food to other 
physiological systems and its reciprocal relations with sexual functions 
Amer J Phystol, 128, 78-74 

Gantt, W H 1944 Experimental basis for neurotic behavier origm and 
development of artificially produced disturbances of behavior m dogs 
Psychosom Med Monog, 8, Nos 8 and 4 

Garrison, M 1947 The genetics of schizophienia J Abn Soc Psychol, 
42, 122-124 

Gasser, H S 1937 The control of excitation m the nervous system 
Harvey Lect, pp 169-198 

Gellerman, L W 1933 Form discrimination m chimpanzees and two- 
year-old children I Form (tmangulanty) per se J Genet Psychol, 
42, 3-27 

Gibbs, F A 1945 Electrical activity of the bran Ann Rev Physiol, 
7, 427—454 

Gibson, J J 1929 The reproduction of visually perceived forms 
J Erp Psychol, 12, 1-89 

Gibson, J J 1941 A critical review of the concept of set m contempo- 
rary experimental psychology Psychol Bull, 38, 781-817 

Gibson, J J, and Crooks, L E 1988 A theoretical field-analysis of 
automobile drivmg Amer J Psychol, 51, 458-471 

Gillespie, W H 1944 The psychoneuroses J Ment Sci, 90, 287-806 

Goodenough, F L 1981 Anger in young children Minneapohs Univ 
Minnesota Press 


Bibliogiaphy 3809 


Greene, R, Paterson, A S, and Pile, G C S 1945 Hypertrichosis with 
mental changes the effect of adrenalectomy Brt Med J » No 4402, 
698—699 


Guthrie, E R 1946 Psychological facts and psychological theory 
Psychol Bull, 43, 1-20 


Halstead, W C 1947 Bram and mtelhgence Chicago. Umv Chie 
Press 

Hanawalt, N G 1987 Memory trace for figures ın recall and recogni- 
tion Arch. Psychol, No 216, 1-89 

Harris, H J 1944 Brucellosis a case report ilustratmg a psychosomatic 
problem Psychosom Med, 6, 834-835 

Hauptman, A 1946 Capuillanes m the finger nail fold m patients with 
neurosis, epilepsy, and migrame Arch Neurol Psychiat, 56, 631-642 

Head, H 1920. Studies in neurology London Frowde, Hodder and 
Stoughton 

Heath, R G, and Pool, J L 1948 Bilateral fractional resection of 
frontal cortex for the treatment of psychoses J Nero Ment Dis., 107, 
411—429 

Hebb, D O 1987a The mnate organization of visual activity I Per- 
ception of figures by rats reared in total darkness J Genet Psychol, 
51, 101-126 

Hebb, D O 1987b The mnate organization of visual activity IL 
Transfer ot response m the discrimimation of brightness and size by rats 
reared m total darkness J Comp Psychol, 24, 277-299 

Hebb, D O 1988a Studies of the organization of behavior I Behavior 
of the rat ma field orientaton J Comp Psychol, 25, 333-352 

Hebb, D O 1988b Studies of the organization of behavior II 
Changes m the field orientation of the rat after cortical destruction 
J Comp Psychol, 26, 427-444 

Hebb, D O 1939 Intelligence m man after large removals of cerebral 
tissue report of four left frontal lobe cases J Gen Psychol, 21, 173-87 

Hebb, D O 1942a The effect of early and late bram mjury upon test 
scores, and the nature of normal adult mtelligence Proc Amer Phil 
Soc , 85, 275-292 

Hebb, D O 1942b Verbal test materal mdependent of special vocabu- 
lary diffculty J Educ Psychol, 33, 691-696 

Hebb, D O 1945a The forms and conditions of chimpanzee anger 
Bull Canad Psychol Ass, 5, 32-85 

Hebb, D O 1945b Man’s frontal lobes A eriteal review Arch 
Neurol Psychiat, 54, 10-24 

Hebb, D O 19462 Emoton m man and ammal an analysis of the 
mtuative processes of recogmtion Psychol Rev, 53, 88-106 

Hebb, D O 1946b On the nature of fear Psychol Rev, 53, 259-276 

Hebb, D O 1947 Spontaneous neurosis in chimpanzees theoretical re- 
lations with clinical and experimental phenomena Psychosom Med, 
9, 8-16 


810 Bibliography 


Hebb, D O, and Foord, E. N 1945 Errors of visual recognition and 
the nature of the trace J Exp Psychol, 35, 385-348 

Hebb, D O, and Morton, N W 1948 The McGill Adult Compiehen- 
sion Exammation “Verbal Situation” and “Picture Anomaly” Series 
J Educ Psychol, 84, 16-25 

Hebb, D O, and Morton, N W 1944 Note on the measurement of 
adult ıntelıgence J Gen Psychol, 30, 217—223 

Hebb, D O, and Penfield, W 1940 Human behavioi after extensive 
bilateral removal from the frontal lobes Arch Neurol Psychiat, 44, 
421-438 

Hebb, D O, and Riesen, A H 1948 The genesis of irrational fears 
Bull Canad Psychol Ass, 8, 49-50 

Hebb, D O, and Willams, K 1941 Experimental control of cues de- 
termining the rat’s orientation Bull Canad Psychol Ass, 1, 22-23 

Hebb, D O, and Wilhams, K 1946 A method of rating anımal mtel- 
lgence J Gen Psychol, 34, 59-65 

Herck, C J 1929, The thinking machine Cheago Unv Chie Piress 

Hilgard, E R, and Marquis, D G 1940 Conditioning and leaming 
New York Appleton-Century 

Hoagland, H 1947 Enzyme kmeties and the dynamics of behavior 
JI Comp Physiol Psychol , 40, 107-127 

Hoagland, H, Malamud, W, Kaufman, I C, and Pineus, G 1946 
Changes ın the electroencephalogram and m the excretion of 17-ketoster- 
oids accompanying electio-shock therapy of agitated depression Psy- 
chosom Med, 8, 246-251 

Hobbs, G E 1941 Mental disorder m one of a par of identical twins 
Amer J Psychiat, 98, 447-450 

Hobhouse, L. T. 1915 Mind in evolution, 2nd Ed London Mac- 
mullan 

Hovland, C I 1936 “Inhibition of remforcement” and phenomena of 
experimental extmction Proc Nat Acad Sa, Wash, 22, 480-483 
{ Quoted by Hilgard and Maiquis, 1940, p 146 ) 

Hovland, C I 1987 The generalization of conditioned 1esponses II 
The sensory generalization of condihoned responses with varyimg imten- 
sıties of tone J Genet Psychol, 51, 279-291 

Hull, C L 1984 The concept of the habit-family hierarchy and maze 
leammg Psychol Reo, 41, 38-54, 194-152 

Hull, C L 1948 Principles of behamor an mtroduction to behavior 
theory New York Appleton-Century 

Hull, C. L 1945 The discrimination of stmulus configurations and the 
hypothesis of afferent neural mtexaction Psychol Rev, 52, 188-142 

Humphrey, G 1940 The problem of the direction of thought Brit J 
Psychol, 30, 183-196 

Hunt, J McV 1941 The effects of mtant feeding-frustration upon adult 
hoarding 1 the albino rat J Abn Soc Psychol, 36, 888-860 


Bibliography S11 


Hunter, W S. 1984 lLearmng IV Experimental studies of learnng 
In Murchison, C., Handbook of general experimental psychology 
Worcester, Mass Clark Univ Press, pp 497-570 

Jackson, T A 1942 Use of the stick as a tool by young chimpanzees 
J Comp. Psychol, 84, 223-285 

Jacobsen, C F, Jacobsen, M M, and Yoshioka, J G 1932 Develop- 
ment of an infant chimpanzee dumng her first year Comp Psychol 
Monog , 9, 1-94, 

James, W 1910 Principles of psychology, New York Holt 

Jasper, H H 1987 Electrical signs of cortical activity Psychol Bull, 
34, 411-481 

Jasper, H H 1941 Electroencephalography In Penfield, W, and 
Enckson, T C, Epilepsy and cerebral localization Sprmgfield Thomas, 
pp 880-454 

Jasper, H H, and Fortuyn, J D 1946 Expermental studies on the 
functional anatomy of petit mal epilepsy Publ Ass. Res Nero Ment 
Dis , 26, 272-298 

Jefferson, G 1987 Removal of nght or left frontal lobes m man Brit 
Med 1,2, 199-206 

Jersld, A T, and Holmes, F B 1985 Children’s fears New York 
Teach Coll Bur Publ 

Jolliffe, N 1942 The neuropsychiatric manifestations of vitamm defi- 
ciencies J Mt Sinai Hosp, 8, 658-667 

Jones, H E, and Conrad, H S 1983 The growth and declme of intel- 
hgence a study of a homogeneous group between the ages of ten and 
sixty Genet Psychol Monog , 18, No 8 

Jones, H E, and Jones, M. C 1928 A study of fear Childhood Educ, 
5, 186-148 

Jones, M C 1988 Emotional development In Murchison, C, A hand- 
book of child psychology nd Ed Worcester, Mass Clark Univ Press, 
pp 271-302 

Kappers, C U A, Huber, G C, and Crosby, E C 1936 The compara- 
tive anatomy of the nervous system of vertebrates, including man New 
York Macmillan, Vol I 

Karnosh, L J., and Gardner, W J 1941 An evaluation of the physical 
and mental capabihtes followmg removal of the mght cerebral hem- 
sphere Cleveland Chn Quart, 8, 94-106 

Kennard, M A 1989 Alterations m response to visual strmul: following 
lesions ot frontal lobe m monkeys Arch Neurol Psychiat, 41, 1158- 
1165 

Kennard, M A, and Ectors,L 1938 Forced circling nm monkeys follow- 
mg lesions of the frontal lobes J Neurophysiol, 1, 45-54 

Kennedy, F, and Wolf, A 1936 The relationship of mtellect to speech 
defect mm aphasic patients J Nerv Ment Dis, 84, 125-145, 208-311 

Keschner, M, Bender, M, and Strauss, I 1988 Mental symptoms asso- 


312 Bibliography 


aated with bram tumor a study of 580 veufied cases J Amer Med 
Ass , 110, 714-718 

Kinder, E F 1927. A study of the nest-building activity of the albino 
rat J Exp Zool, 47, 117~161 

Kusey, A C, Pomeroy, W B, and Martm, C E 1948 Seaual behavior 
in the human male Philadelphia Saunders 

Klebanoff, S G 1945 Pə»ychological changes m orgamıic bram lesions and 
ablations Psychol Bull, 42, 585-623 

Klettman, N 1989 Sleep and wakefulness Chicago Univ Che Press 

Khncberg, O 1940 Socal psychology New York Holt 

Koffka, K 1924 The growth of the mnd New York Harcourt, Brace 

Koffka, K 1935 Principles of Gestalt psychology New York Harcourt, 
Brace 

Kohler, W 1925 The mentality of apes New York Harcourt, Brace 

Kohler, W 1929 Gestalt psychology New York Liveright 

Kohler, W 1940 Dynamics in psychology New York Laiveright 

Kohler, W, and Wallach, H 1944 Figural after-effects an mvestigaton 
of visual processes Pioc Amer Phil Soc, 88, 269-857 

Krechevsky, I 1982 “Hypotheses” versus “chance” in the pre-solution 
period in sensory discrimination-leammg Umov Calif Publ Psychol, 
6, 27-44 

Krechevsky, I 1988 An experimental mvestigation of the principle of 
proximity m the visual perception of the rat J Ep Psychol, 29, 
497-523 

Kubitschek, P E 1928 The symptomatology of tumors of the frontal 
lobe based on a series of twenty-two cases Arch Newol Psychiat , 20, 
559-579 

Landi, C 1947 A modern dynamic psychology J Comp Physiol 
Psychol , 40, 185-141 

Landis, C, and Hunt, W A 1932 Adrenalm and emotion Psychol 
Rev , 89, 467-485 

Lashley, K S. 1929a Brain mechanisms and mtelhgence a quantttatiwe 
study of munes to the bian Chicago Umiv Chic Press 

Lashley, K § 1929b Nervous mechanisms m learnmg In Murch- 
son, C, The foundations of experimental psychology Worcester Clark 
Univ Press, pp 524-568 

Lashley, K S 1930 Basic neural mechamsms m behavior Psychol 
Rev, 37, 1-24 

Lashley, K § 1984 The mechanism of vision VIII The projection of 
the retina upon the cerebral cortex of the rat J Comp Neurol, 60, 
57-79 

Lashley, K S 1937 Functional detexmmants of cerebral localization 
Arch Neurol Psychiat , 38, 371-887 

Lashley, K S 1938@ LExpeimental analysis of mstmctive behavior 
Psychol Rev, 45, 445-471 


Bibliography 313 


Lashley, K S 1988b, The mechanism of vision: XV Preliminary studies 
of the rat’s capacity for detail vision J Gen Psychol, 18, 123-193 

Lashley, K S. 1988c The thalamus and emotion, Psychol Rev, 45, 
42-61, 

Lashley, K S 1941 Patterns ot cerebral integration mdicated by the 
scotomas of mgrame Arch Neurol Psychiat , 46, 831-339 

Lashley, K S 19424 The problem of cerebral orgamzation in vision 
In Kluver, H, Visual mechanisms Biol Sympos, 7, 801-822 

Lashley, K 5 1942b An exammaton of the “contmutty theory” as ap- 
plied to discuummaton leammmg J Gen Psychol, 26, 241-265 

Lashley, K S 1944 Studies of cerebral function in learnmg XIII 
Apparent absence of transcoitical association m maze learnmg. J Comp 
Neurol , 80, 257-281 

Lashley, K S, and Clark, G 1946 The cytoarchitecture of the cerebral 
cortex of Ateles a critical exammaton of architectonic studies J Comp 
Neurol, 85, 223-306 

Lashley, K S, and Wade, M 1946 The Pavlovian theory of generahza- 
ton Psychol Rev, 58, 72-87 

Leeper, R W 1985 A study of a neglected portion of the field of 
learning—the development of sensory organization J Genet Psychol, 46, 
41-75 

Leeper, R W 1948 A motvatonal theory of emotion to replace “Emo- 
tion as disorganized response” Psychol Rev, 55, 5-21 

Lehmann, J E 1987a The effect of changes in the potassium-calcrum 
balance on the action of mammalan A nerve fibers Amer J Physiol, 
118, 618-619 

Lehmann, J E 1987b The effect of changes in pH on the achon of 
mammahan A nerve fibers. Amer J Physiol , 118, 600-612 

Levme, J 19454 Studies m the interrelations of central nervous struc- 
tures m bmocular vision. I The lack of bilateral transfer of visual dis- 
ermmmative habits acquned monocularly by the pigeon J Genet Psy- 
chol , 67, 105-129 

Levine, J 1945b Studies ım the interrelations of central nervous struc- 
tures m bmocular vision II The conditions under which mterocular 
transfer of discrummative habits takes place m the pigeon J Genet 
Psychol , 67, 181-142 

Lewin, K 1988 Will and needs In Elis, W D, A source book of 
Gestalt psychology London Kegan Paul, Trench, Trubner, pp 288-299 

Libet, B, and Gerard, R W 1989 Control of the potental rhythm of 
the isolated frog bram J Nemophystol , 2, 153-169 

Liddell, H S 1988 The experimental neurosis and the problem of 
mental disorder Amer J Psychiat , 94, 1085-1041 

Liddell, H S 1944 Amal behavior studies bearmg on the problem of 
pain Psychosom Med, 6, 261-263 

Lorente de Nó, R 1938a Synaptc stimulation of motoneurons as a local 
process J Neurophysiol, 1, 195-206 


814 Bibliography 


Lorente de Né, R 1988b, Analysis of the activity of the chams of inter- 
nuncial neurons J. Neuwtophysiol , 1, 207-244 

Lorente de Nó, R 1939 Transmission of impulses through cranial motor 
nucle J Neurophysiol , 2, 402-464 

Lorente de Nó, R 1948 Cerebral cortex architecture In Fulton, J F. 
Physwlogy of the nervous system 2nd Ed New York: Oxford Umy 
Press, pp 274-801 

Lorenz, K 1985 Der Kumpan in der Umwelt des Vogels J Ornith, 88, 
187-218, 289-418 

Loucks, R B 1985 Experimental delimitation of neural stuctures essen- 
tal for learnmg The attempt to condition striped muscle responses with 
faradization of the sigmoid gyri J Psychol, 1, 5-44 

Loucks, R B 1988 Studies of neural structures essential for learnmg 
Il The conditionmg of salivary and suiped muscle responses to faradi- 
zation of cortical sensory elements, and the action of sleep upon such 
mechanisms J Comp Psychol, 25, 315—382 

Luckhardt, A B, and Carlson, A J 1915 Contributions to the physi- 
ology of the stomach XVII. On the chemical control of the gastne 
hunger mechanism Amer J Physiol, 36, 37-46 

McBride, A F. and Hebb, D O 1948 Behavior of the captive bottle- 
nose dolphin, Tursiops truncatus J Comp Physiol Psychol, 41, 11l- 
123 

McCulloch, T L, and Haslerud, G M 1989 Affective responses of an 
infant chimpanzee reared m isolation from 1s kmd J Comp Psychol, 
28, 487-445 

McCulloch, W S 1944a Cortico-cortical connections In Bucy, P, The 
precentral motor corter Urbana, II Umv Illmnois Press, pp 218-242 

McCulloch, W S 1944b The functional orgamization of the cerebral 
cortex Physiol Rev, 24, 890-407 

McGeoch, J A 1942 The psychology of human learnng New York 
Longmans, Green 

Maier, N R F, and Schnerla, T C 19385 Principles of ammal psy- 
chology New York McGraw-Hill 

Mashal, W H, and Talbot, S A 1942 Recent evidence for neural 
mechanisms m vision leadmg to a general theory of sensory acuity In 
Kluver, H, Visual mechanisms Bul Symp, 7, 117-164 

Masserman, J H 1942 The hypothalamus in psychiatry Amer J 
Psychiat , 98, 633-687 

Masserman, J H 1948 Behavior and neurosis An erpermental psycho- 
analytic approach to psycholnologic princyples Chicago Uni Chic 
Press, 

Matthews, R S$ 1938 Pellagra and nicotmic aad J Amer Med Ass, 
111, 1148-1158 

Miller, G A 1947 The masking of speech Psychol Bull, 44, 105-129 

Miner, J B 1905 A case of vision acqmred m adult hfe Psychol Rev 
Monog Suppl., 6, No 5, 103-118 


Bibliography 315 


Mixter, W J, Tillotson, K J, and Wies, D 1941 Reports of partial 
frontal lobectomy and frontal lobotomy performed on three patients one 
chronic epileptic and two cases of chrome agitated depression Psy- 
chosom Med, 3, 26-37 

Morgan, C T 1948. Physiologecal psychology New York McGraw-Hill 

Morison, R S$, and Dempsey, E W 1948 Mechanism of thalamocortical 
augmentation and repetition Amer J Physiol, 138, 297-808 


Moss, F A (Ed) 1942 Comparatwe psychology Rev Ed, New York 
Prentice-Hall 


Mowre, O H 1941 Motivation and learmmg m relation to the national 
emergency Psychol Bull, 38, 421-481 

Mowrer, O H, and Mowrer, W M 1938 Enuresis~a method for its 
study and treatment Amer J Orthopsycluat , 8, 486-459 

Muenzinger, K F 1934 Motvation in learnmg I Electric shock for 
correct response m the visual discrimmation habit J Comp Psychol, 
17, 267-277 

Murphy, J P, and Gellhorn, E 1945 Fuither mnvestigations on dien- 
cephalic-cortical 1elations and thei significance for the problem of emo- 
ton J Neurophysiol, 8, 481—447. 

Nafe, J P 1934 The pressme, pam, and temperature senses In Murch- 
son, C, Handbook of general erpenmental psychology Worcester, 
Mass Clark Univ Press, pp 1037—1087 

Nauta, W J H 1946 Hypothalamic regulation of sleep im rats An er- 
perimental study J Neurophysiol , 9, 285-316 

Neet, C C 1983 Visual pattern discrimination ın the Macacus rhesus 
monkey J Genet Psychol, 48, 168-196 

Neff, Walter S 1988 Socioeconomic status and intelligence a critical 
survey Psychol Bull, 35, ‘727-757 

Nichols, 1, and Hunt, J McV 1940 A case of parhal bilateral frontal 
lobectomy. a psychopathological study Amer J Psychıat, 96, 1063- 
1088 

Nissen, H W, Machover, §, and Kinder, E F 1985 A study of per- 
formance tests given to a gioup of native Afncan negro children Brit 
J Psychol , 25, 308-855 

Pavlov, I P 1927 Conditioned refleves Oxford Humphrey Milford 

Pavlov, I P. 1928. Lectures on conditioned reflexes New York Inter- 
national 

Pavlov, I P 1932 The reply of a physiologist to psychologists Psychol 
Rev , 389, 91-126 

Penfield, W, and Jasper, H 1946 Highest level serzures Res Publ 
Ass Nerv Ment Dis, 26, 252-271 

Pennington, L A 1988 The function of the brain m auditory localiza- 
ton IV Method of trammg and control experrments J Comp 
Psychol , 25, 195-211 

Pilgrm, F J, and Patton, R A 1947 Patterns of self-selection of puri- 


316 Bibliography 


fied dietary components by the rat J Comp Physiol Psychol, 40, 
843-348, 

Pillsbury, W B 1918, “Fluctuations of attention” and the refractory 
penod, J Phl Psychol Sct Meth, 10, 181-185 

Polyak, S L 1941 The retina Chicago Univ Chic Press 

Postman, L 1947 The Instory and present status of the law of effect 
Psychol Bull, 44, 489-568 

Pratt, C. C. 1989 The logic of modern psychology New Yok Mac- 
mllan. 

Prentice, W C H 1946 Operahomsm and psychological theory a note 
Psychol Rev, 58, 247-249 

Prosser, C L 1984 Acton potentials m the nervous system of the cray- 
fish I Spontaneous mpulses J Cell Comp Physiol, 4, 185-209 

Richter, C P, Holt, L, E, and Barelare, B 19388 Nutritional require- 
ments for normal growth and reproduction m rats studied by the self- 
selection method Amer J Physiol, 122, 734-744 

Riddoch, G 1941 Phantom hmbs and body shape Brain, 64, 197-299 

Riesen, A H 1947 The development of visual perception in man and 
chimpanzee Science, 106, 107-108 

Riesen, A H, and Nissen, H W 1942 Non-spatial delayed response by 
the matching technique J Comp Psychol, 84, 807-318 

Roethlisburger, F J, and Dickson, W J 1939 Management and the 
worker Cambndge Harvard Univ Press 

Romano, J, and Coon, G, P 1942 Physiologic and psychologie studies 
m spontaneous hypoglycemia Psychosom Med, 4, 288-300 

Rowe, S N 1987 Mental changes following the removal of the nght 
cerebral hemisphere for bram tumor Amer J Psychiat , 94, 605-614 

Rubin, E 1921 Visuell wahigenommene Figuien Studien in psycho- 
logischer Analyse Tel I Belin Gyldendalske Boghandel 

Rylander, G 1989 Personality changes after operations on the frontal 
lobes a clinical study of 82 cases London Humphrey Milford 

Saphir, W 1945 Chonie hypochloremia simulating psychoncurosis 
J Amer Med Ass, 129, 510-512 

Schneirla, T C 1948 Psychology, comparative Encycl Brit 

Scott, W W, Scott, C C, and Luckhardt, A B 1988 Observations on 
the blood sugar level before, durmg, and after hunger periods in humans 
Amer J Physiol , 128, 243-247 

Senden, M v 1982 Raum- und Gestaltauffassung bei openeiten Blind- 
geborenen vor und nach dei Operation Levpzig Barth 

Shernngton, C S 1906 Integrative action of the nervous system New 
York Sertbner 

Sherrmgton, C S 1925 Remarks on some aspects of i1eflex mhibition 
Proc Roy Soc, 97B, 519-545 

Sherrington, C S 1941. Man on his natwe New Yok Macmillan 

Skinner, B F 1938 The behavior of o1ganisms an experimental analysts 
New York Appleton-Century 


Bibliography 317 


Smith, D E 1989 Cerebral localization m somesthetic discrsmmation ın 
the rat J Comp Psychol, 28, 161-188 

Smith, K U 1936 Visual discrummation m the cat Dl The relatwe 
effect of paired and unpaned stmulh m the discrimmative behavior of 
the cat J Genet Psychol, 48, 29-57 

Smith, W K 1945 The functional significance of the rostral cingular 
gyrus as revealed by its responses to electrical excitahon J Neuro- 
physiol , 8, 241-255, 

Spearman, C 1927 The abilines of man New York Macmillan 

Spence, K W 1988 Gradual versus sudden solution of disernmmation 
problems by chimpanzees J Comp Psychol, 25, 218-224 

Spence, K W 1940 Continuous versus non-continuous interpretations of 
discrimmation learnmg Psychol Rev , 47, 271-288 

Speny, R W 1948 Visuomotor cooidmation m the newt (Triturus 
vurdescens) after regeneration ot the optic nerve J. Comp Neurol, 79, 
33-55 

Sperry, R W 1947 Effect of crossmg nerves to antagoniste hmb mus- 
des n the monkey Arch Neurol Psychiat, 58, 452—473 

Spiegel, E A, Miller, H R, and Oppenhemer, M J 1940 Forebiam 
and rage reactions J Newophystol, 3, 589-548 

Spies, T D, Anng, C D, Gelperm, J, and Bean, W B 1988 The 
mental symptoms of pellagra Ther rehef with mcotmic aud Amer J 
Med Sc, 196, 461-475 

Spragg, S D S 1940 Morphine addiction mm chimpanzees Comp 
Psychol Monog , 15, No 7 

Stoddard, G D, and Wellman, B L 1940 Environment and the IQ 
Yeaib Nat Soc Stud Educ, 39 (1), 405—442 

Stookey, B, Scarff, J, and Teitelbaum, M 1941 Frontal lobectomy m 
the treatment of bram tumors Ann Surg, 118, 161-169 

Swank, R L, and Marchand, W E 1946 Combat neuroses develop- 
ment of combat exhaustion Arch Neurol Psychiat, 55, 236—247 

Thomdike, E L 1931 Human learning New York Century 

Thurstone,L L 1985 The vectors of mmd Chicago Uni Chic Press 

Tmbergen, N 1942 An objectivishie study of the mnate behavior of 
annnals Bubl Biotheoret , Leiden, 1, 39-98 

Tinklepaugh, O L 1928 An experimental study of representative fac- 
tors m monkeys, J Comp Psychol , 8, 197-236 

Titchena, E B 1920 Notes from the psychological laboratory of Cornell 
Univesity Amer J Psychol, $1, 212-214 

Tolman, E C 1932 Purposive behavior in ammals and men New 
York Century 

Tryon, R C 1989 Studies in individual differences m maze leammg VI 
Disproof of sensory components experimental effects of stimulus vara- 
ton J Comp Psychol, 28, 8361-415 

Valentne, CC W 1930 The mnate bases of fear J Genet Psychol, 87, 
894-419 


318 Bibliography 


Walker, A E, and Weaver, T A 1940 Ocular movements hom the 
occipital lobe m the monkey J Neurophysiol, 8, 8538-357 

Watson, T B 1924 Behavionsm New York Norton 

Watts, J W, and Freeman, W 1946 Psychosurgery for the rehef of in- 
tractable pam J Int Coll Sug, 9, 679—683 

Wechsler, D 1989 The measurement of adult mtelhgence Baltimore 
Wuilhams and Wilkins 

Weddel, G, Smclar, D C, and Femdel, W H 1948 An anatomical 
basis for alterations ın quality of pain sensibility J Neurophysiol, 11, 
99-109 

Weisenburg, T, and McBude, K E 1985 Aphasa a clinical and psy- 
chological study New York Commonwealth Fund 

Wersenburg, T, Roe, A, and McBnde, K E 1936 Adult intelligence 
a psychological study of test performances New York Commonwealth 
Fund 

Weiss, P 194la Autonomous versus 1eflexogenous activity of the central 
nervous system Proc Ame: Phil Soc, 84, 58-64 

Wens, P 1941b Nerve patterns The mechanics of nerve growth 
Growth (Thud Growth Symposium), 5, 1638-203 

Werner, H, and Stauss, A 1939 Types of visuo-motor activity m then 
relation to low and high performance ages Proc Ame: Ass Ment 
Defic , 44, 163—168 

Wilson, G, and Rupp, C 1947 Present trends in the practice of neu- 
rology J Amer Med Ass, 138, 509-511 

Wolf, E, and Zerahn-Wolf, G 1937 Flickei and the reactions of bees 
to flowers J Gen Physiol, 20, 511-518 

Wolf, G A, and Wolf, H G 1946 Studies on the nature of certain 
symptoms associated with cardiovascular disorders Psychosom Med, 8, 
993-819 

Wolf, II G 1948 Emotions and gastic function Science, 98, 481—484 

Wolf, H G, and Hardy, J D 1947 On the nature of pam Physwol 
Rev, 27, 167-199 

Woodrow, H 1927 The effect of type of trammg on transference 
J Educ Psychol, 18, 160-171 

Woodworth, R S 1921 Psychology New York Holt 

Woodworth, R S$ 1988 Expenmental psychology New Yok Holt 

Wortis, H, Stem, M H, and Jolhffe, N 1942 Miber dissociation m 
peripheral nemopathy Arch Int Med, 69, 222-237 

Yerkes, R M 1916 The mental hfe of monkeys and apes a study of 
ideational behavio. Behavior Monog , 3, No 1 

Young, P T 1941 The expermental analysis of appetite Psychol Bull, 
88, 129-164 

Young, P T 1944 Studies of food preference, appetite and dietary habit 
I Running activity and dietary habit of the rat m 1elation to food pref- 
erence J Comp Psychol, 87, 327-870 


Zeng, L. 1937 A study of the fone of athtde 1 eogu 

bon Ae] Behl, $8, 13-0 

Tenet, K 1937 The swage of betanot accompa contone 

alvar serebon for themes of the condoned response Aner | 
Pyco, 30, S440 

Zallnger, 198). Removal of let cere hemuphere repont oF a case 
th Yl yt, 1055-104 


=e 


Index 


Abstraction, 104f 
Adams, D K, 159 
Addiction, 200-206 
distinction from habit, 202£ 
mtermediate stage of, 203 
Iearnmg m, 203£ 
relation to food habits, emotion, 
205 
Adnan, E D, 8f, 124, 184, 217, 274 
“Afferent neural interaction,” 15, 56, 
79 
Agnosia, 285f 
Agraphia, 285 
Alcohol as removing mhibihon, 209 
Alexia, 285 
Allen, C , 262 
Allport, G W, 179 
Analogy in scientific thought, 118f 
Anderson, J E, 302 
Anger (imtation, rage), see Rage 
Angles im perception, 47, 82f 
Animism, xin, xvi, 4, 158, 178, 232, 
934, 236 
Anxiety, causes of, 264 
Aphasia, intelligence m, 161, 276f 
locus of lesion m, 284f 
Appetite, 200 
Area 17, motor effects from, 82, 86 
Arnet, S, 262 
Arng, C D, 262 
Art appreciation, 283 
Arvanitala, A, 65 
A/S rato, 124¢ 
and attitude, 144 
and mstmet, 167 
and mtelhgence, 126, 165 
Asher, E J, 302 
Assembly, see “Cell-assembly” 


821 


Association, varying ease of, 77f, 127 
Associaton areas, sensory control of, 
123€, 146, 165, 167 
Assocation cortex, size of, see A/S 
ratio 
Assumption, concernng EEG, 8 
of sensory dominance, 3-6 
of structural trace, 12-16, 60, 62- 
66, 228-231 
of synapte resistances, 60, 62-66, 
228-231 
Asthma, 260 
relahon to emotion, nemosis, 267f 
Attention, as factor in learning, 151- 
158 
defined empirically, 4 
defined theoretically, 87, 102 
lack of unity m, 152 
relahon to expectancy, 87 
Atttude, affecting monotonous work, 
226f 
problem of, 141-146, 207£ 
“Autonomous central process,” 4f 
as attention, 4, 87, 102M, 151-153 
ag attitude, 141-146, 207f, 227 
as expectancy, xvii, 87, 102 
as msight or hypothesis, 138f, 158- 
165 
as intention, 151-153 
as interest, 6, 223 
as set, 102%, 107£, 144 
as spontaneous neural action, 7 
contro] of, as motivation, 180£ 
endurmg selectivity of, 141-146 
interaction with sensation, 146 
157 
time period of, 78f, 142ff 


322 


Backtracking m maze learnmg, 135 
Badal, D. W, 262 
Bard, P, 189, 235£ 
Barelare, B , 190, 198 
Bartley, S H, 9, 208, 217 
Beach, F A., 5f, 169, 207, 215f, 231 
Bean, W B, 262 
Bedwetting, as newuotic, 260 
Beebc-Center, J G., 198, 204 
Bellak, L , 263£ 
Bellows, R T, 190 
“Belongingness,” 176f 
Berger, H, xvi, 8 
Binet, A, 295 
Binet-type intelligence test, 1f, 290f 
Buch, H G, 117, 165 
Birth injury and 10, 2, 275, 291f 
Bishop, G H, x, 9, 11, 217 
Black, perception of, 105f 
Blodgett, H C, 179 
Blood content, effect on neural fir- 
ing, 148, 196f 
m emotional distuibance, 148, 
195-200, 253f 
Bloomfield, R, 262 
Blum, R A, 289 
Bodvy umage, disturbance of, 286 
v Bonm, G, 67, 70, 96, 218 
Border (contour) ın percepton, 82 
Boredom and sleep, 217, 228 
Boring, E G, 15, 22, 25, 74, 78, 185 
Bousfield, W A, 192 
Bowman, K M, 260, 262 
Bram injury, anatomical data in, 
281-289 
effects of, mcreased by local syn- 
chrony, 283 
estimates of mtelhigence followmg, 
276 
hemudecortication, 2, 285, 289, 291 
infant vs adult, 289-294 
IQ following, If, 289-292 
mode of retention of, 299fF 
Brain size and learning, 124f 
and attitudes, 144 
and intelhgence, 126, 165 
Bridges, K , 255 


Index 


Budgman, C S, 96 

Buightness, perception of, 41-44 

Broca, P, 283 

Biodmann (cortical areas of), 67. 
218, 219 

Brogden, W J, 70 

Bronk, D W, 8, 195 

Broster, L. R, 262 

Brouha, L, 262 

Brown, W, 135 

Biuetsch, W L, 262 

Burns, M , 187 

Buytendyk, F J J, 9 


> 


Cajal, S R, 280 
Carlson, A J, 192, 197£ 
Carmichael, L, 26, 111 
Catatonia not an inhibiton, 212 
“Cell-assembly,” alternating paths in, 
73 
as unstable equilibrium, 100 
bilateral development of, 96 
disruption of, by blood content, 
196f 
hy long activation, 225 
by sensory relationshzps, 148, 
182, 189, 250-258 
duration of aclivity nm, 74, 143 
first stage of growth, 69-73 
fixed vs variable order of shmuli, 
89 
“growth” of, 76f 
statistical factors n, 74-78 
in the relative perception, 106 
interference between assembhes, 
88 
in emotion, 251f 
motor facilitation from, 87, 99ff, 
107 
properties of, after bram injury, 
293f 
in metabolic disorder, 197 
role of synaptic knobs in, 72, 197 
safety margm im functioning of, 
197, 298 


“Central excitatory mechanism,” 5f, 


216 


Index 


“Central motive state,” 6 
m hunger, 191, 200 
Chandler, A R, 238 
Chimpanzee, mntelhgence of, 160£ 
mental illness mn, 245-250 
morphine addiction m, 203ff 
nonspatial delayed response by, 95 
one-tnial learning by, 112, 114 
perception in, 29, 88 
rage and fear m, 24]-245 
reared m darkness, 32, 108, 112 
recognition by observer, 27, 116 
Chute, E, 208 
Cingular region and consciousness, 
219 
Clak, G, 34f, 67, 86 
Cobb, S, 262£ 
Coffin, T, 193 
Cohen, M E, 262 
Cohn, R, 278 
Coma and EEG, 122 
Comic books, 260, 265 
Completion, as associative, 103 
im hemanopia, 51 
Concept, “core” vs “fringe” of, 181- 
184 
in post-operative intelligence, 2 
not solely verbal, 118, 183 
variability ın, 99, 183 
“Condenser” discharge of excitation, 
216 
Conditioned reflex, not elicited m 
sleep, 221 
theory of, 174-180 
central formulation of, 180 
ın motivation, 176-180 
Conduction from visual area, 51, 67 
“Configuration theory,” xvu, 389f 
evidence from hemianopia, 51 
summary of critique of, 58f 
vs learning theory, 15, 59, 114f, 
158-161 
Congenitally blind, memory for color, 
29, 82 
memory for patterns, 28f, 32, 114 
perception of vertical and honzon- 
tal, 80£ 


323 


Congenıtally blnd, perceptual gen- 
erahzation, 28f, 50 
recognition of faces, 114 
slow learning not due to motiva- 
tion, 111f 
study of, 18ff 
time to gain pattern vision, 32f 
Connections, neural, as the control 
of behavior, xvu 
conditioned by time factors, 10f, 
72, 196f 
Hull’s theory of, 176-180 
m present theory, xix, 61, 72, 
107£, 180 
in prestriate area, 67-69 
mant vs adult, 107£ 
needs as promoting, 177f 
Pavlov’s theory of, 174 
Conrad, H S, 290 
Consciousness, 144-146 
cortical orgamzation m, 122f 
diffusity of firmg m, 145, 219, 
221 
mode of drift to intrinsic organ- 
waton, 221f 
emotion as kind of, 147, 236f 
not function of cortex alone, 218 
not locahzed, 219 
relation to anatomical structures, 
219 
relation to EEG, sensation, 9f, 128, 
145f 
Constituhon, and IQ, 295f, 300-303 
and schizophrenia, 263f 
vs experience, basis of false di- 
chotomy, 166, 198, 245, 259, 
261-264 
conceptually distinguished, 166— 
169, 259 
Contours in perception, 82 
Control group, choice of, 278-281 
normal vs chmeal, 279 
use m rating mtelhgence, 276-281 
Convergence, m association, 129f 
in growth of assembly, 67f, 72f, 
75 
Coon, G P, 262 


824 


Cortex, not a functional unit, 218 
organization of, m mfancy, 121- 
123 
in sleep, 122, 217-222 
im the waking adult, 122f, 141- 
146, 219, 234 
intmsic, 121-123 
mode of change m, 221f 
Cowles, J T, 159 
Crooks, L E, 21 
Crosby, E C, 68 
Culbertson, J T, xi 


Dallenbach, K M, 187 
Damel, R S, 168 
Dashıell, J F, 147 
Davison, C, 222 
Deafferentation, functional, in sleep, 
218 
vs de-efferentation, 220 
rationale of, 220f 
Decerebrate ngidity, 212f 
Dempsey, E W, 218 
Demuth, E L, 222 
Denker, P G, 270£ 
Dennis, W, 241, 244 
Denny-Brown, D, 7 
Jpeteroration, clmical identification 
of, 275-281 
of learmmg (“fade”), 224f 
Determinism im psychology, xm 
See also Animism 
Dewan, J G, 262 
Dickson, W J, 226f 
Diet, self-selection of, 190f, 198, 204f 
Diffusity, of conduction from visual 
cortex, 51, 67 
of firmg, essential to consciousness, 
145, 221 
essential to motor control, 220f 
Dockeray, F C., 240 
Dog, intelligence of, 160 
Doll, E A, 291f 
Drawings and perceptual content, 
9lf 
Drew, G C, 177, 189 
Dubner, H H, 8 


Index 


Dunlap, K, 224 

Duration of reverberatory actyvity, 
78£, 148 

Dusser de Barenne, J G, xvi 

Dysfunction, complicatmg bram m- 
Jury, 282-288 


Ectors, L , 84f 
Edes, B, 187 
EEG, see Electroencephalogram 
Egaña, E, 262 
Electroencephalogram, after electro- 
shock, 273 
after lobotomy, 272f 
assumption concernmg, 8 
crude dex, 122, 283 
essential in study of bram injury, 
283 
origin of, 8£ 
related to sensation, consciousness, 
9, 122f, 211 
Emotion, and animism, 236f 
as disorgamizer, 238-241 
defined, 148, 238 
James-Lange theory of, 237 
more than sham rage, 285f 
not conscious state, 147, 288 
two classes of, 240f 
vs “emotional distubance,” 238- 
241 
Watson’s theory of, 241 
Emotional disturbance, as guiding 
learning, 188f, 150f 
causes of, 87, 179, 242-244, 250- 
254, 267f 
classified, 251-254 
due to confhect, 87, 148f, 251f 
due to metabolic change, etc , 148, 
195-197, 205, 253f, 267i 
due to sensory lack, 148, 179, 252f 
due to strange environment, 87, 
149, 251f 
in asthma, 267 
mechanisms of, 250-258 
mental depression, 248f£ 
nonspecific first stage m, 243f, 255f 


Index 


Emotional disturbance, possible vas- 
cular origin of, 258, 268£ 
related to addiction, food habits, 
205 
related to learning, 188f, 147-151, 
949, 245, 254-258 
vigor of response in, 258 
with mterruptton of sleep, 222 
English, W H, 262 
Enuresis, 260 
Equrpotentialty, and tachistoscopic 
experiments, 46-50 
in the cell-assembly, 74 
meaning of, 39f 
sensory, 39, 48 
Equivalence of stimu, 14, 39, 88f 
Erlanger, J, 65 
Exeitabihty, affected by frustration, 
conflict, fear, 280, 238 
affected by memory, 227-229, 233 
hypothesis of, 227-231 
Excitation, discharge of, 216 
problem of, 208-211 
Expectancy, as a form of ideahon, 
xvu 
factor m attitude, 141£ 
m emotional disturbance, 87, 149 
m mstmctive behavior, 169f 
m voluntary action, 144, 154-156 
relation to set, attention, 5, 87, 102 
“Experimental neurosis,” 249, 264 
Eyebhnk, learned, 107f 
Eyemovement, and contours, 82 
and straight lmnes, 48, 82f 
m motor equivalence, 155f 
in perception, 33-87, 45, 85-87 


Factor analysis, x1 
“Fadmg” durmg learning process, 
224f 
Fatigue, mental, problem of, 208f, 
211 
Fear, causes of, classified, 251-254 
m children, 179, 241, 244 
m chimpanzees, 241-245 
mild, factor m pleasure, 230-233 
of darkness, 179 


325 


Fear, of mutilated or dead body, 
243f 
of snakes, 242f 
of soltude, 252 
of the strange, 242f 
pleasant (“thrl”), 182, 233 
Femdel, W H, 183 
Ferraro, A, 262 
Fessard, A, 8 
Fields, P E, 29 
Figural after-effects, 54-58 
Figure-ground relation, 19-26, 88 
fluctuation of, 25f, 99 
mechanism of, 99f 
Finch, G, 114 
Foord, E N, 13 
Forbes, A, 75 
Forgays, D , 49 
Fortuyn, J D, 219 
Fractionation, 76, 89, 97 
Freeman, G L, 230 
Freeman, W , 270, 272 
French, E G, 281 
Freud, S, xu 
Freudian theory of learning, 250 
Frontal lobe, lobectomy vs lobotomy, 
272 
removal, bilateral, n man, 287 
m monkey, chimpanzee, 288f 
stimulation vs inhibition from, 212 
supposed functions of, 272, 286~ 
289 
Frustration, effect on learning, 138f 
maintaining exeitability, 280, 238 
source of pleasure, 283 
Fuchs, W, 51 
Fulton, J. F., 218 


Gantt, W H, 264 

Gardner, L P, 224f 
Gardner, W J, 291 

Garol, H W, 67, 70, 96, 218 
Garrison, M , 268 

Gasser, H $S, 10 

Gellerman, L W, 29, 38 
Gellhorn, E, 218 


326 


Gelperin, J , 262 
Generahzation, perceptual, 12-16, 
27, 88, 104 
in congenitally blind, 28f, 32, 50 
with relative values, 41-44 
Generahzation gradient, 59, 79 
Gerard, R W, 8 
Gestalt theory, assumptions of, xvi, 
3f, 18, 17{, 23, 41, 55, 114 
diffculty fo, with figural after- 
effects, 56-58 
with hemianopia, 51 
with memory, 15 
of intelligence, 158-165 
sensory emphasis in, 3f, 22 
source of current ideas, 59 
summary of critique of, 58f 
Gibbs, F A, 8 
Gibson, J J, 5f, 8, 21, 111 
Gillespie, W H, 262 
Goodenough, F L, 192 
Gordon, H , 302 
Gottschaldt, K, 28 
Greene, R, 262 
Growth, m cortical organızaton, 76f, 
122 
m perception, 76f 
synaplic, 60, 62-66, 228-231 
Gun-shy dog, 120 
Guthiie, E. R, 180 


“Habit-family hierarchy,” 155 
Halstead, W, C, 279f 
Hanawalt, N G, 18 
Tlaidy, J D, 185 
Harlow, H F, 114, 289 
Harns, H J, 262 
Haslerud, G M, 248 
Hauptmann, A, 262 
Head, H, 185, 285 
Heath, R G, 288 
Hemianopia, 5lf 
after frontal myury, 84 
Hemianopic completions, 51 
Heredlity, and IQ, 295f, 300-803 
and schizophienia, 263f 


Index 


Heredity, vs environment, basis of 
false dichotomy in behavior, 
166, 198, 245, 259, 261-964 
conceptually distinct factors, 
166-169, 259 
Herrick, C J, xiv 
Hilgard, E R, 5f, 8, 61, 145, 175f, 
179, 224 
Hinsey, L E, 271 
Hoagland, II, 263, 273 
Hobbs, G E, 264 
Hobhouse, L T , 158f, 163 
Hogan, H P, 26, 111 
Holmes, F B, 252 
Holt, L E , 190, 193 
Householder, A S, xt 
Hovland, C 1, 176, 224 
Huber, G C, 63 
Hull, C L, 5, 7, 15f, 38, 41, 56, 58, 
79, 154f, 1768, 180, 224 
Humphrey, G, xx, 184 
Hunger, 190-206 
and emotional disturbance, 192f 
arousal of, 199f, 202 
as addiction, 200~206 
chronic vs acute eflecls, 192 
defined, 190 
for specific substances, 190f, 204f 
mnate factors m, 197 
learning effects in, 192-195 
mechanism of, 197-206 
metabole factors m, 195—197, 
201-206 
satiation of, 190, 194, 202, 205 
vs appette, 200 
Hunge: hoimone, 197 
Hunt, J McV, 109, 120, 272 
Hunt, W A, 237, 281 
Hunter, W S, 163 
Hymovitch, B, 298 
Hypersynchrony, see Local syn- 
chrony 
Hypotheses im rats, 158, 161-168 
difficulties of conception of, 162 
spatial, 91-95 


Index 


Ideahsm, philosophic, xv 
Ideation in animals, xvi, 158f 
“Identity,” 26-31 
Image, a forbidden notion, «vim 
assembly as simplest mstance of, 
60 
eyemovement a factor m, 34 
illusion of, 36 
Incidental learning, ın lower species, 
115f 
memory, 151-158, 181 
Infant bram, effects of imjury to, 
289-294 
intrmsic organization m, 121-128 
learmnmg m, 111-116, 120-196, 
228f, 296 
Inhibition, 208-215 
as loss of facilitation, 213£ 
vs excitation, from frontal lobe, 
212 
from suppressor areas, 218f 
“Inhibition of remforcement,” 224 
Innate, see Constitution 
Insect, efficient first learmmg m, 118 
Insight (intelhgence), 158—165 
after bram mjury, 293f 
as function of experience, 110, 117, 
165 
definition of, 162¢ 
difficules of conception of, 162- 
164 
m early vs later learnmg, 115 
mechanism of, 183-184, 164f, 293f 
not a separate process, 164 
related to motivation, 181 
two criteria of, 160 
Instinctive behavior, 118, 165-170 
Insulin shock, 269 
Intelligence, after birth injury, 291f 
after hemudecorticabon, 2, 289, 
291 
as factor im leainmg, 158-165 
climcal estimates of, 276ff 
development of, neurologically, 
298 
psychologically, 292 


327 


Inteligence, experience as factor m, 
110, 117, 119f, 291f, 295-303 
human vs animal, 161 
not separate process from learn- 
ing, 164f 
of aphasics, 161, 276f 
of chimpanzees, 114, 160£ 
of dogs, 160 
of identical twins, 801 
of primitive peoples, 119f 
of rats, 161, 296-299 
retention of, after bram imyury, 
276f, 279f, 286-294 
mn old age, 290f 
neural mechanisms of, 298f 
tests of, affected by sophistication, 
age, 279f 
two types of, 290 
two meanings of, 294-296 
use of control group im rating, 
275-281 
Intention, 151-153 
Interactomsm, philosophic, «uv, 296f 
Interest, factor m sleep, 6, 228 
variability of, 141, 207£ 
Interference-pattern hypothesis, 15, 
47, 52 
Intimsic organization m cortex, 121f 
behavioral manifestations of, 192, 
221 
mode of drift to diffuse organiza- 
ton, 221€ 
IQ, after bram injury, 289-292 
and heredity, 295f, 8300-803 
m identical twins, 301£ 
limited constancy of, 296, 802 
of foreigner or Negro, invalid for 
intelligence A, 299f 
valid for intelhgence B, 295, 
299 
of Negro vs poor white, 120, 300 
Isomorphism, 52ff 


Jackson, Hughlings, 283 
Jackson, T A, 117 
Jacobsen, C F, 246 
Jacobsen, M M, 246 


328 


James, W, 110, 287 
James-Lange theory, 237 

Jasper, H H, 8f, 211, 217, 219f 
Jefferson, G, 282 

Jersild, A T, 252 

Johnson, R E, 262 

Jolliffe, N , 183, 262 

Jones, H E, 241, 248, 290 
Jones, M C, 241, 243, 255 
Jordan, A M., 802 


Kallman, F , 268 

Kappers, C U A, 63 

Kamosh, L J, 201 

Kautman, I C, 273 

Kennard, M A, 34f 

Kennedy, F, 285 

Kinder, E F, 119, 168 

Kinsey, A C, 216, 231 

Klebanoff, S. G , 284 

Kleitman, N, 6, 217£, 220f, 224 

Khneberg, O , 265 

Koftka, K, 10, 12f, 28, 51, 111 

Kohler, W, xv, 10, 12, 15, 23, 
38fE, 544, 80, 117, 158i, 252 

Krechevsky, I, 92, 111, 159, 161 


Landahl, H D, x 
Landis, C, 287, 240, 268, 271 
Lange, C , 287 
Language as set of conditioned re- 
sponses, 117 
Lansdell, H, 298 
Lashley, K S, 10, 12iF, 19, 27, 29, 
88ff, 67, 80f, 88F, 86, 90, 93, 
99, 115, 117, 145, 154, 159, 
166, 184f, 235, 286 
‘Law of effect, 159, 176 
Learnmg, adult, and imsight, 110, 
115, 158-165 
as function of early leaning, 
109-111, 119f, 228f 
as remforeing existig connec- 
tions, 127, 130 
mechanism of, 126-189 
phase sequence a pre-condition 
of, 128 


Index 


Leainmg, adult, 1ole of meanmg im, 
117, 128, 180-134 
constitutional factor ubiquitous, 
198 
contiguity not sufficient for, 127 
early, channeling effect of, 109, 
119 
generalized transfer from, 109- 
Lil 
possible permanence of, 109, 
228-231, 296, 299 
effect of, on emotion, 148f, 244f 
250f, 254-258 
on hunger, 186f, 192-195, 197— 
206 
on intelligence (imsight), 110, 
117, 119f, 291f, 295-308 
on sleep, 220 
effect of emotion on, 138f, 150, 
198 
effect of sleep on, 221 
“free” of specific cues, 129 
meidental or unmotivated, 151- 
153, 181 
m lower species, 115f 
meonstancy of (“fadmg”), 140, 
224f 
mistaken for mstinct, 118 
motor, 98, 101, 107f, 134-139, 
153-157 
one-tial, m chimpanzee, 114 
plimary stage of, 120-126 
as establishing sensory contol, 
125 
slowness m, 
11l£ 
relatton to A/S rato, bram size, 
124-126 
relation to phylogenesis, 112-116 
relation to set, attention, 108f 
theory of, continuity, noncontinu- 
ity, 114f 
not based on adult data only, 
110 
vs, heredity, see Heredity vs en- 
vironment 


and motivation, 


Index 


“Learning theory,” as attack on anr 
mism, 4 
naive, 4, 159 
sophisticated, 59, 159, 177 
vs, configurationism, 15, 59, 114f, 
158-161 
Leeper, R W , 22, 111, 238ff, 254 
Left and nght m psychology, 59 
Left-nght distinction, paradigm of 
adult learning, 117£ 
Lehmann, J E, 8, 195 
Letter-square, ulusion of image, 36 
Leucotomy, see Lobotomy 
Levine, J, 45 
Lewin, K, 226 
Libet, B, 8 
Liddell, H S$, 189, 264 
Lloyd, D P C, 213 
Lobotomy, 271-274 
hypothesis of effect of, 272 
not suited to locahzation, 288 
Local synchrony, after lobotomy, 
electroshock, 272f 
assumption concernng EEG, 8 
comphcatng bram myury, 283f 
reimforced by learning, 121f, 220 
in mfancy, sleep, 122 
mm sleep, 217f 
negatmg function, rationale of, 
213f, 220f 
Locahzaton of funchon m human 
bram, 282—289 
lamited knowledge of, 284 
tumor cases not surted to, 282, 288 
Lorente de Né, R, xvi, 10, 61, 68f, 
72f, 75, 142, 210, 218 
Lorenz, K , 120, 166 
Loucks, R B, 176, 221 
Luckhardt, A. B, 190, 197, 201 


McBride, A F, 243 

McBride, K E, 277, 281, 285, 289f 

McCulloch, T L, 242f 

McCulloch, W S, x1, 67, 70, 75, 96, 
213f, 218 

McGeoch, J A, 109f, 128, 131, 177 

MacLeod, J F, 193 


329 


Machover, § , 119 
Malamud, W., 273 
Mammullothalamic tract, 219 
Marchand, W E, 262 
Marquis, D G, 5f, 8, 61, 145, 1758, 
179, 224 
Marshall, W H, xx, 43, 48, 53, 58, 
82 
Marin, C E , 216, 231 
Mason, H L, 262 
Massed vs distnbuted practice, 224 
Masserman, J H, 285, 264 
Matthews, B H C, 9, 217 
Matthews, R S, 262 
Maze learning, 1384-189 
Meanmg, 128, 180f, 1838, 165 
“Means-end-readiness,” 145f, 153- 
157 
Melcher, R T, 291f 
Memory trace, assumptions concern- 
ing, 12-16, 62-66, 228-281 
dual mechanism of, 61£ 
related to generahzation, 13ff 
reverberatory, 12f, 61f 
time factor in production of, 62, 
280F 
Mensh, I N, 281 
Mental hygiene, 261, 264-266 
Mental illness, accompanying other 
conditions, 262 
causes of, 261-271 
ignorance about, 249f, 260f, 
265f 
m chimpanzees, 245-250 
nature of, 259-964 
no separate psychogenic type of, 
259, 261f, 271 
not specifically sexual, 249 
recovery without special treatment, 
267, 269-271 
treatment by general practitioner, 
270£ 
Metabolic factors m emotion, 195~ 
197, 202, 205, 253f 
Migrame scotoma, 51 
Miller, G A, 188 
Maller, H BR, 286 


830 


Mind as nemal activity, mv, 79 
See also Animism, Consciousness 
Miner, J B, 114 
Mishkin, M, 49 
Mister, W J, 272, 282, 288 
Mnemonic tace, see Memory trace 
v. Monakow, C , 286 
Morgan, C T, xvu, 6, 8, 137, 172, 
183, 190f, 195, 197, 200f, 218 
Monson, R S5, 218 
Morton, N W, 277, 301 
Moħtvaton, as bodily stimulation, 
172£ 
as theoretical conception, 163, 
171-174, 181 
channeled by pam, 182 
defined as aspect of phase se- 
quence, 181 
m CR theory, 176-180 
loss of, due to monotony, 224-227 
followmg ertor, 224 
neural vs. animistic, 234 
related to msight, 181 
Motor control and dilluse firmg, 220€ 
Motor effects from visual area, 82, 86 
Motor equivalence, 153-157 
and perception, 155f 
and volition, 145f 
m instinctive behavior, 166-169 
Motor facilitation from assembly, 
86f, 98, 102 
Motor learning, 98, 1014, 107-109 
equivalence in, 153-157 
im the maze, 1384-139 
Motor hnks m perception, 85~87, 98f 
Mowrer, O H, 109, 260 
Mowrer, W M, 260 
Muenzinger, K F, 177, 189 
Mum, N L, 240 
Murphy, J P, 218 
Music and pleaswe, 238 


Nafe, J P, 188f 

Nauta, W J H, 217, 219, 222 
“Need” m learnmg theory, 176-180 
Neet, C C, 29 

Neft, W §, 801f 


Index 


Neologism, difficulty of recall, 118 

Neuralgia, 185£ 

Neurobiotans, 68, 65 

Neurosis, see Mental illness 

“Neurosis, expermmental,” 249, 264 

Nichols, I, 272 

Nissen, H W, 95, 119f, 159, 224f 
248 

Nonsense syllables, learnmg, 128 

“Nonsensory” figure, 21-26 


Old age, mtellagence m, 2, 290, 292f 
memory in, 228f 
sleep m, 220 
Operationahsm, 162 
Oppenheimer, M J., 286 
Opposites in children’s learnmg, 117£ 
“Optional transmission,” 10, 72 
“Oscillation principle,” 7 
Owen, T., 262 


Pain, 181-190 
as guiding learnmg, 150 
as strengthening response, 177, 
189f 
classical theories of, 183 
definition of, 182 
im glans penis, 186 
mereased by hypofunction, 184ff, 
188f 
wnhibiton of, 186, 212 
pleasant, 182 
relaton to C fibers, 183 
reason for, 188f 
relation to emotion, 148, 182 
rehef by lobotomy, hypothesis of, 
278 
Parallelism, philosophic, xiv 
Paterson, A S , 262 
Pattern of sumulation vs locus, 19- 
15, 89-41, 44-50 
Patton, R A, 204 
Pavlov, I P, xu, 5, 38, 41, 80, 174¢f, 
180, 189, 212, 224, 264 
Pechstern, L A, 115 
Penfield, W , 219, 272, 282, 287 
Pennmgion, L A, 92 


Index 331 


Perception, as action im specific cells, 
15, 17, 42, 44, 48 
as function of expenence, 22-24, 
26f, 31-85, 111, 119f 
duration of content of, 25, 74 
equipotentiality in, 89-41, 44-50, 
74 
giowth n, 77 
innate organization in, 23f, 86f, 
42f 
integration of, prior to association, 
77 
involvmg conceptual activity, 91f 
of black, 105f 
of brightness, 41—44 
by rats reared ın darkness, 42 
hypothesis of, 48f 
of nearby vs remote objects, 91— 
95 
of pattern, anatomical features m, 
52-54, 57f 
and isomoiphism, 52—54, 57f 
as summative process, 18, 82, 
34, 36f 
changes with prolonged stare, 
295 
contours in, 82 
distortions m cortex, 52-54, 57£ 
eyemovement in, 34, 36f, 99- 
102 
figural after-effects, 54-58 
“identity,” 26-31 
identty a function of experi- 
ence, 31ff 
Wusory smmphiity of, 36 
mtegration of parts, 95-98, 103 
locus vs pattern, 12-15, 89-41, 
44-50 
“nonsensory figure,” 21-26 
part vs whole im, 24f, 99f 
“primitive unity,” 19-21 
recogmition of words, 49f 
nght os left visual field, 50 
with varied angle of regard, 91f 
with varied distance, 90f 
of pitch, size, 41f, 44, 106 
phylogenetic differences m, 29-31 


Perception, recurrent or cyclical, 25, 
99£ 
relative, 41-44, 105f 
Perceptual elements, 83f 
im association of ideas, 180 
Peiceptual generalization, sce Gen- 
erahzation 
Phantom mb, pam in, 185 
“Phase cycle,” duration of, 143 
m perception, 99f, 180f 
“Phase sequence,” 98-100 
conditions of persistence of, 1424, 
229, 297, 2298, 239 
conflicts of, m emotion, 148-151], 
251-253 
dommmance of partly organized, 
229, 282 
flexibility of, 87, 149 
mm motivation, 181, 191 
m simple perceptions, 99f 
relation to waking center, 218f 
self-destruction or perpetuation, 
222, 
sensory disturbance of, 148-151, 
251-253 
m pain, 150, 181-190 
sensory guidance of, 158-157, 181 
sensory lack, effect of, 148, 252f 
short-cireuiting in, 228, 293 
Phelps, W M, 291f 
Phylogenetic differences, in A/S ratio, 
bram size, 124-126, 167 
m attitude, 141 
in msight, 125E, 160f, 164f 
m Jearming, 112-116 
in perception, 29-3] 
Physiologizing m psychology, .1v 
Physiology, relation of, to psychol- 
ogy, xv 
Pigeon, mterocular transfer m, 45 
Pile, G C S, 262 
Pilgrim, F J, 204 
Pillsbury, W B, 25, 74 
Pincus, G, 273 
Pitts, W, 1 
Pleasant fear (“thnll”), 182, 233 
Pleasant pain, 182 


332 


Pleasure, 227-234 
in art, music, sports, 233 
relation to memory, 227-231 
theory of, substttute for anmism, 
284 
Polyak, S L, 52f 
Pomeroy, W B, 216, 281 
Pool, J L, 288 
Position habit, 92, 161, 168 
Positivism, xiv, 162 
Postman, L, 177 
Pratt, C C., xv 
Prentice, W C H, 162 
“Prmitve unity,” 19-21 
Probability of association, 127 
m perceptual integration, 77 
Prosser, C L, 8 
Psychoanalysis, xu, 247, 261, 269-271 
Psychosis, see Mental 1llness 
Psychosomatics, 266~269 
Psychotherapy, 261, 266-271 
Purpose, 144~146 


Rage (anger, imitation), causes of, 
148, 252, 257£ 
m children, 192, 241 
m chmpanzees, 241-245 
not dependent on physical re- 
straint, 242 
not locahzed m hypothalamus, 
PRES 
telated to hunger, 192 
sham, 235f 
Ramsdell, D, 252£ 
Rashevsky, N , x1 
Rat, hunger m, 1938-195 
intelhgence of, 187, 161, 296-299 
“mteligence test” for, 185, 137, 
297£ 
percepton 1n, different from man’s, 
80f, 95 
of direction, place, 92ff 
reared m darkness, brightness dis- 
crumination m, 42 
figure-ground perception m, 19f 
slow pattern leaning ın, 8L, 113 


Index 


Rat, visual concepts after blnding, 
129, 2974 
“Reaction to deficit,” 166 
“Reactive mhibition,” 224 
Reading speed, 49 
Recognition of faces, 27, 114, 116, 
j27£ 
Recruitment m growth of assembly, 
76, 97 
m effects of lobotomy, 273 
in sleep, 221 
strengthenmg mtrmsic orgamza- 
tion, 121f 
Relative perceptions, 41-44, 105¢ 
Reverberation, bnef m simple cir- 
curis, 73, 142f 
Richter, C P, 190, 193 
Riddoch, G, 185 
Riesen, A H, 18, 32, 78, 95, 108, 
112, 117, 204, 244, 255 
Roc, A, 281, 289 
Roethlisberger, F J, 226£ 
Romano, J, 262 
Rowe, S N, 2, 289, 291 
Rubm, E, 19 
Rupp, C, 260 
Rylander, G, 279, 290 


“Salted-nut phenomenon,” 199£, 202 
Santa Claus vs mental hygiene, 260 
Saphir, W , 192, 205, 262 
Satration, of hunge, 190, 194f, 209, 
205 
without suffictent food, 194, 205 
of sex motivation, as neural dis- 
charge, 216 
“Satiation” of visual cortex, 54-58 
Scarff, J, 282 
Schema of perception, 69-74, 84+ 
91, 95-100 
“Schema with correction,” 46, 111 
Schnerla, T C, 168 
Scientific method, xiv 
Scientific thought, wv, 118f 
Scott, C C, 190, 201 
Scott, W W, 190, 201 
Self-selection of diet, 190f, 198, 204f 


Index 


Senden, M v, 18f, 28f, Sif, 50, 78, 
80f, 111f, 117 
Senescence, intelligence im, 2, 290, 
292f 
memory m, 228f 
sleep m, 220 
Sensori-motor connections, criterion 
of, 108 
Imear theory of, xvu, 4, LOf, 40£ 
modification of idea of, 180 
sophisticated theory of, 59, 159, 
177 
vs relative percephons, 15f, 41f 
Sensori-sensory association, 70 
Sensory activity, cumulative effect of, 
7, 123f, 126 
in motivation, 172f, 177-179, 181 
m sex behavior, 215f 
in sleep, 217£, 220, 223 
in voluntary acts, consciousness, 
Of, 128, 145f, 153-157 
lack of, determimmg response, 166, 
179, 252f 
Sensory-central interaction, modes of, 
87, 146-157, 289f, 250-253 
Sensory control, of cortex, 9f, 122— 
127, 145f, 282f 
and A/S rato, 125 
as steermg phase sequence, 87, 
188, 150f, 153-157, 181 
estabhshed in primary learning, 
125 
of motor activity, 107, 154-157, 
167, 220 
variations in directness of, 107 
Sensory dynamics in Gestalt theory, 
3f, 19-25, 51, 54-58 
Set, 4f, 102i 
m voluntary act, 107f, 144 
Sex behavior, as problem of motiva- 
tion, 207 
effect of novelty on, 281 
time course in, 215f 
Sheirmgton, C S$, 79, 182, 189, 212 
Shock teatment, electrical, 271-274 
insulin, 269 


333 


Short ciremting m phase sequence, 
228 
aid to retention of intelligence, 
293 
Shyness, 244 
Similanty, 26f, 104 
association by, 182 
Sinclar, D C, 183 
Size, perception of, 41f, 106 
Slunner, B F, xiv, 146 
Sleep, 216-224 
as causing relaxahon, 221 
as extreme loss of motivation, 223 
as mtrinsic organization, 122f 
effect of, on learning, 221 
effect of learning on, 220 
induced by cortical lesions, 222 
imterest a factor ın, 217 
mode of drift to waking state, 221f 
not a Jack of orgamzation, 219f 
not a lowered cortical activity, 211 
not only sensorily determined, 218 
relation of, to sensation, Of, 122f, 
146, 218, 220, 223 
similarity to mfancy and patho- 
logical conditions, 122 
Sleep center, 217, 213 
Smith, B F, 262 
Smith, D E, 92 
Smith, K U, 29, 96, 168 
Smith, W K, 219 
Sophisticated learnmg theory, 59, 
159, 177 
Spaet, T, 289 
Spanal hypothesis, m rats, 91-95, 
161, 168 
Spearman, C, xi 
Speech area, localization of, 284f 
Spence, K W., 41, 159, 168 
Sperry, R W, 63, 157 
Spiegel, E A, 286 
Spies, T D, 262 
Spontaneous neural achvity, 8f 
as problem in learnmg, 121-126 
as regulated by sensation, 9 
relation to motivation, 171f 
Spragg, S D S, 208ff, 248 


334 


Stem, M H, 188 
Stmulation, physiological, as dis- 
rupting normal function, 218f, 
219 
Stmaolus, n motvaton theory, 172 
pattern of, os locus, 12-15, 89~ 
41, 44-50 
Stimulus-response theory, see 
“Learnmg theory” 
Stoddad, G D, 295, 802 
Stone, L J, 187 
Stookey, B, 282 
Straight lme, and eyemovement, 48, 
82 
learnmg to perceive, 81 
physiological properties of, 82f 
Strauss, A, 291 
Superordinate perceptions, 95-98 
Suppressor areas, 218f 
Swank, R L, 262 
Synaptic knobs, and probability of 
transmission, 66, 76, 197, 293 
as affectmg neural control, 72 
assumptions conceining, 60~66, 
228-231 
formation of, G5f, 228-231 
m one-trial learnmg, 180 
offsetting bram damage, 74, 293f 
offseting metabolic disorder, 197 
permanence of, 228-231 
vs ume factor, 10f, 72, 196 
Synchrony of firmg, see Local syn- 
chrony 


Tachistoscopie vision, and equpo- 
tentality, 46-50 
essentials of, 47 
number of habits necessary fo, 48 
Talbot, S. A, xix, 48, 48, 53, 58, 82 
Teitelbaum, M , 282 
Thalamus and consciousness, 219 
Thirst, see Hunger 
Thorndike, E L , 26ff, 159, 176f, 180 
Thought, as key problem, xvi-xvin 
restructuring of, 184 
See also Consciousness; Phase se- 
quence 


Index 


Thurstone, L, L., xi 
Tillotson, K J, 272, 282, 288 
Tmbergen, N , 109, 118, 120, 166 
Tinklepaugh, O L, 159, 252 
Titchener, E B, 41, 187 
Tolman, E C, 59, 146, 154, 159 
Train of thought as phase sequence, 
xix, 100, 180-184 
Transfer of trammg, 14 
infant-adult, LO9£ 
intorocular, m pigeons, 45 
Transmission, coihcal, and A/S ratio, 
124 
as problem of thought, xvi 
Tryon, R C, 117, 129 


“Vacuum activity,” 166 
Valentme, C W, 288, 241 
Variability, m motor response, 1538- 
157 
of learnmg, 140, 224f 
Visual concepts m the blind, 129, 
293 
Vıtalısm, xin 
See also Animism 
Vohton, 144 ff 
motor control m, 1538-157 


Wade, M, 27 

“Wakefulness of choice,” 218 

Waking center, 217, 219 

Waking ogamzation, 122, 141-146, 
Q19f, 284 

mode of duit to intumsic oigan- 

ization, 221f 

Walker, A E, 82, 86 

Wallach, H, 28, 546 

Walter, A A, 26, 111 

Watson, J B, 40f, 241 

Watts, J] W, 270, 2726 

Weaver, T A, 82, 86 

Wechsler, D, 290 

Weddel, G, 188 

Wersenburg, T , 277, 281, 285, 289 

Wess, P, 8, 68, 124, 184 

Wellman, B, L, 295, 802 

Werner, H, 291 


Index 835 


Wholes, integration of, 95-98, 103 Wotbs, H, 183 
Wies, D, 272, 282, 288 Wulf, F, 13 
Wiliams, K, 93, 185, 137, 168, 297£ 


Willams, R D, 262 Yerkes, R M , 90, 158f 


Willson, E, 268f Yerkes Laboratories of Primate Bı- 
Wilson, G, 260 ology, 114, 242f, 266 
Wolf, A, 285 Yoshoha, J G, 246 


Wolf, E, 168 Young, P T, 190, 193, 204, 240 
Wolf, G A, 266f 
Wolf, H G, 185, 266f Zangwill, O L, 26, 111 
Woodrow, H, 110 Zener, K, 175 
Woodworth, R S, 36, 46, 111, 181f, | Zerrahn-Wolf, G, 168 

135, 180, 233, 240 Zolhnga, R, 285 


Nauonal Insutate of | 
| 


Educ. 1.5 
LIBRA: Y 


bae eS 
| D “Sy DL, 


——— 





